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ABSTRACT 
 
 
 This study examined the effectiveness of the course, Math Recovery, on a group 
of ninth-grade students enrolled in the course Algebra/Geometry I measured by course 
grades and subsequent tenth-grade MAP scores.  In addition, gender and race differences 
were investigated in this study to determine the impact, if any, on academic achievement.  
The students in this study attended one of three large high schools belonging to a large 
suburban school district.  The students in the ninth-grade course, Algebra/Geometry I, 
were split into two groups, those enrolled in Math Recovery, the treatment group, and 
those not enrolled in Math Recovery.  The student enrolled in the Algebra/Geometry I 
courses contained students from both the treatment and non-treatment groups.   
The participants of this study were a total of 152 students divided between a 
treatment group, students enrolled in Math Recovery, totaling 32 students and a non-
treatment group, students not enrolled in Math Recovery, totaling 120 students.  Because 
the students enrolled in Math Recovery were students deemed to be mathematically 
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deficient, the students’ eighth-grade MAP scores were used as a covariate in order to 
remove the variance the academic scores have on the ninth-grade grades and tenth-grade 
MAP scores.   
 The findings of this study showed there were no significant differences in the 
grades or tenth-grade MAP scores between students enrolled in Math Recovery and those 
students not enrolled in the course.  In addition, the same results, no significant 
differences existed, when the groups were disaggregated by gender and race.  Most 
importantly, students leaving the eight-grade, who were mathematically deficient, 
demonstrated through their grades that they had parity with students not in the Math 
Recovery course.  The results of this study indicated that providing academically lacking 
mathematically students with the proper mathematically support kept these students even 
with those students who did not receive the support course.   
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CHAPTER 1 
 
INTRODUCTION 
 
Rationale of the Study 
 
Student failure has long been an issue in high schools across the nation.  Even 
though efforts exist at all levels in most school districts, student failure in high schools 
remains prevalent, especially in mathematics.  A recently published report found that 24 
percent of all test-takers of California’s High School Exit Exam failed the math section in 
2006 (Rogers, 2005).  Further, according to the report, 42 percent of African-Americans 
failed the math section (Rogers, 2005).  Another study done by the Department of 
Applied Research found that approximately 30 percent of students failed the geometry 
portion of the nationwide ITBS test (Ferardok, 2006).  Additionally, the State of Missouri 
issued the MAP Technical Report in 2007 indicating 59.3 percent of the students taking 
the mathematics section of the tenth-grade test were not deemed proficient (DESE, 2007).  
These data clearly show a major shift in mathematics instruction must occur in order for 
students to be successful.  
Numerous programs have been implemented at the freshmen level to transition 
students into high school coursework in attempts to alleviate these failures.  Teachers that 
are new to the field often find themselves on a committee to address student achievement.  
Many programs try to restructure the curriculum to offer a rigorous and equitable 
mathematics curriculum at the freshman and sophomore levels of high school with a 
strong emphasis in algebra.  Gamoran and his colleagues investigated several programs 
(Math A, Stretch Regents, and UCSMP) to determine the effectiveness of the reforms in 
addressing shortcomings in the mathematical ability of freshmen and sophomore students 
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(Gamoran, Porter, & Smithson, 1997).  Gamoran found that students learn more in 
college-preparatory classes.  More important to this research, he found transition courses 
were partially successful in ―upgrading the quality of mathematics instruction for low-
achieving high school students‖ (Gamoran, p. 333, 1997). 
To assist in the instructional delivery of new and innovative programs, computer-
aided software has been infused into many of these programs.  For the purposes of this 
study, computer-assisted instruction refers to the instruction or remediation presented on 
a computer that complements the instructional practices of the teacher; more explanation 
will be provided in the definition section of this proposal.  Computers have been shown 
to help in differentiating instruction and enhancing student math performance (Ysseldyke 
& Bolt, 2007).   
Before continuing with the specifics of the study, one must acknowledge that a 
strong algebra foundation is paramount for student success.  According to the Wall Street 
Journal, research shows that low-income high school students who take algebra-based 
courses are more likely to go to college (―Importance Math,‖ 1998).  In the same article, 
a University of Chicago mathematics professor, Zalman Usiskin, stated, ―Algebra is the 
language of math and science, algebra is the gatekeeper course to high level 
mathematics‖ (―Importance Math,‖ 1998).  Furthermore, studies have shown that 
students who enroll in more rigorous math courses in high school earn more in careers 
later than their counterparts who enrolled in lower level mathematics (Rose, 1996).   
In the Department of Education’s report, Foundations for Success, the advisory 
panel provided seven curricular content recommendations, one pertaining directly to 
algebra.  The sixth recommendation stated, ―All school districts should ensure that all 
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prepared students have access to an authentic algebra course‖ (Foundations for Success, 
xviii, 2008).  The program under study by this researcher, Math Recovery, attempts to 
provide support to weak algebra students so they may successfully complete an algebra 
course.  Thus, preparing and supporting students in their engagement with algebra is the 
focus of the researcher.   
Statement of the Problem 
 
 Since the Reagan administration published its report, A Nation at Risk (1983), 
American schools have been investigating ways to raise the rigor of American education 
to compete in the global economy.  According to the report, the educational foundations 
of our society were being eroded by a ―rising tide of mediocrity‖ that threatened our very 
future (U. S. Department of Education, 1983).  Mathematics received particular attention 
in this report.  According to the report, studies indicated that remedial mathematics 
courses in public four-year colleges increased by 72 percent between 1975 and 1980.  
Obviously, public high school systems have been failing children for years in the area of 
mathematics. 
 Recommendations from A Nation At Risk included numerous areas of 
mathematical content.  Recommendations of significant interest to mathematics were:  (1) 
require three years of high school mathematics; (2) develop a demanding curriculum for 
college-bound students and for those that enter college; and (3) provide a sound base for 
computational and problem solving skills (U. S. Department of Education, 1983).  This 
presented a monumental challenge for public schools, especially for those that had not 
maintained high curricular standards during the previous two decades.  At the time of the 
report, the State of Missouri required only two years of mathematics.  In addition, those 
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two units were not required to be ―challenging‖ mathematics, nor did they require any 
content regarding algebra. 
 Fast forward to the year 2001; No Child Left Behind was enacted by Congress 
and signed into law by President Bush.  This law required states to test mathematics 
curriculum at grades 4, 8 and 10; in addition, stronger accountability for results was 
demanded in the legislation (NCLB, 2001).  These government mandates for results 
pushed states to develop rigorous tests in mathematics.  Coinciding with these tests, new 
curriculum standards were produced for school districts to follow.  Beginning in the fall 
of 2006, the State of Missouri raised the graduation requirement in mathematics from two 
to three units.  In addition, the Missouri Coordinating Board for Higher Education 
emphasized college preparatory algebra and other content of comparable or great rigor 
(DESE, 2007).   
 In an effort to provide students with a minimum of Algebra I according to state 
guidelines, the school district that is the focus of this study has adopted the state 
curriculum with the intent that all students will have three mathematics courses in algebra 
or above to graduate.  With this in mind, the intent is to have no students leaving high 
school without a strong background in Algebra I.  In previous years, students could take 
coursework such as general mathematics and consumer mathematics without being 
exposed to the concepts of algebra in this particular school district.  Therefore, students 
who previously did not opt for coursework grounded in algebra are now required to 
complete such coursework. 
According to the latest statistics of the schools that are the focus in this study, 
approximately 28 percent of students who are enrolled in Algebra/Geometry I fail the 
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course.  In this particular school district, Algebra/Geometry I is a math course offered to 
incoming freshman who are not mathematically ready for the grade level course of 
Algebra I.  The percentage of failing students is higher than the failure rate in other 
courses or subjects offered at the school.  For instance, the percentage of students failing 
the entrance coursework in English is only 11 percent.  One obvious reason for this 
failure rate is that fact that these courses are attempted by students who, historically, have 
been unsuccessful in mathematics because of the algebra requirement.  At the same time, 
the courses are expected to offer content grounded not just in algebra also, but also in 
rigorous algebra.   
This created two problems.  The first problem, of course, was that the district was 
faced with the dilemma of all students taking algebra that resulted in a large percentage 
of students failing that algebra course.  To address that problem, this particular school 
district decided to support these students in their endeavor to master algebra with an 
additional course named Math Recovery.  The second problem arose within Math 
Recovery with a computer-based instructional tool called Auto-Skills.  This was the first 
time the school district had attempted to use computer-based instruction as a significant 
and major teaching tool in mathematics, and, for that matter, in any subject taught within 
the three high schools.  The problem caused by this phenomenon is simple; no individual 
within the system knew how students would react to the computer-based instruction since 
the students were familiar only with a human being, not a computer, as the instructor.  
More importantly, no one knew what the students’ perception of such an instrument 
would be.  Therefore, a deeper understanding of what the computer meant to the student 
should probably be investigated in future research. 
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Definition of Terms 
 
Before proceeding, several terms need to be explicitly defined for a better 
understanding of the proposal.  This can be accomplished by giving an overview of the 
course sequence involved at the three high schools being studied.   
Math Recovery is a course title used by the specific school system under study.  
Math Recovery is an elective course for freshmen based upon four precipitating eighth 
grade factors:  (1) the grade the student received in her/his eighth-grade math course; (2) 
the eighth-grade math teacher’s recommendation; (3) the student’s eighth-grade 
mathematics MAP score; and (4) parental approval.   These four factors are viewed 
collectively prior to making a recommendation for a student’s ninth-grade math 
placement.  Students recommended for this option are concurrently enrolled in Math 
Recovery and Algebra/Geometry I.  Students who are initially considered for Math 
Recovery and are not ultimately recommended for Math Recovery are simply enrolled in 
Algebra/Geometry I, which will be defined below.  The three components of Math 
Recovery are:  (1) direct instruction teaching mathematical skills students are currently or 
will be using in the Algebra/Geometry I class; (2) tutoring instruction related to the 
mathematics homework of the student; and (3) Auto-Skills computer program, which will 
be defined later.   
MAP is an acronym for the State of Missouri’s assessment test, Missouri 
Assessment Program.  The Missouri Assessment Program (MAP) is Missouri’s testing 
program for students at various grade levels.  The State of Missouri uses MAP data to 
meet NCLB requirements of testing in communication arts, mathematics, and science.  
Prior to and including the school year 2005, the state reported its findings according to 
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five categories:  Step 1, Progressing, Nearing Proficiency, Proficient, and Advanced.  In 
addition, a cumulative score was given in numeric form; this score is named the scale 
score.  Beginning in the school year 2006, the State reported its findings according to 
four categories:  Below Basic, Basic, Proficient, and Advanced.  However, a cumulative 
score in numeric form is still assigned.  The mathematics portion of the MAP test consists 
of a performance event, constructed responses, and selected responses or multiple-choice 
questions.   
The mathematics portion of the test is given to students in the fourth, eighth, and 
tenth grades.  For the purposes of this study, assessment data for the mathematics portion 
of the MAP program will be collected from the eighth and tenth grades.  The tenth-grade 
test will provide data after the intervention of Math Recovery.  The MAP exams provide 
information about what students in the State of Missouri should know and be able to do.  
The test, as well as the district’s curriculum, is directly tied to the Show-Me-Standards.  
The Show-Me-Standards are 73 academic standards the State of Missouri has developed 
from which the Missouri's Frameworks for Curriculum Development were designed 
(DESE, 2007).  The Frameworks provide direction in what a student should know and be 
able to do in all curricular areas.   
 Algebra/Geometry I is a mathematics course designed for struggling 
mathematics students.  Algebra/Geometry I, in conjunction with the subsequent course 
Algebra/Geometry II, is designed to provide the student with a solid foundation in 
algebra.  In addition, these courses will provide more time for the less competent student 
to grasp the foundations of mathematics that will be required later in that student’s 
academic career.      
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 Auto-Skills is a computer-directed mathematics program that begins with students 
taking a pretest.  According to this pretest score, the computer places each student at 
her/his level within Auto-Skills.  From here, the student advances through the program in 
an interactive pursuit of acquiring basic algebra skills to ensure success in the regular 
Algebra/Geometry I course.            
Purpose of the Study 
 
 The purpose of this quasi-experimental study is to understand the academic 
effects of Math Recovery classes on students in a large suburban school district.  
Basically, the study is designed to provide information regarding the effectiveness of 
Math Recovery in this school district; evidence will be sought to support whether or not 
the Math Recovery course has fostered a better understanding of algebra.  A variety of 
archival data will be utilized to provide a rich understanding of the Math Recovery course 
in this school district.  Quantitative measures will be employed to help illustrate the 
phenomena of the program. 
At this point, a brief introduction to the school district will be given.  This study 
will gather data from a large suburban public school district located in Missouri outside 
of a large urban center.  Within this school district are eighteen elementary schools, three 
middle schools, and three large high schools.  The entire school district educates 17,137 
pupils, including 5,415 high school students with each high school containing roughly 
1,800 students.  In this district, the demographic makeup of the student population is as 
follows:  Asian 2.1 percent; African-American 11 percent; Hispanic 3.4 percent; Indian .2 
percent; and Caucasian 83.3 percent.  The percentage of students accessing the free and 
reduced lunch program is 12.9 percent.  The graduation rate of high school students is 92 
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percent, with 73 percent of those graduates entering four-year or two-year universities 
and colleges.  The following is a table summarizing the school district’s demographics. 
 
Table 1 School District's Demographics 
Asian 
 
African-
American 
Hispanic 
 
Indian Caucasian 
 
Free 
Reduced 
Graduation 
Rate 
2.1 % 11 % 3.4 % .2 % 83.3% 12.9 % 92 % 
 
 
 
 Since many individuals struggle with high school and college mathematics 
throughout the nation, the more effective the support that can be offered to these students, 
the more successful these students will be in their educational pursuits.  As found in a 
previous study, the mathematics course is the one course that can become the obstacle to 
the completion of a degree program (Giuliano & Sullivan, 2007).   
Significance of the Study 
 
 The significance of this study can be stated easily.  Because of the high failure 
rate of mathematics students in our educational system, a method to curb this failure rate 
would be immensely advantageous to our students and society.  This program could 
contribute to the enhancement of mathematical attainment and, if found to improve 
mathematics comprehension, could influence educational policy decisions.  Even though 
the findings of this limited study cannot be generalized to every suburban high school, 
the findings can be used to enhance school districts similar to the one under study and 
could possibly be adapted or serve as a starting point to less similar districts. 
 In addition to determining the benefit of Math Recovery, this study will also 
provide an advantage to the school district under study.  Since funding in most districts is 
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limited, there is great value in knowing whether or not Math Recovery is benefiting the 
students with whom it is used.  If the program is found to be non-beneficial, then the 
resources used to support the program could be diverted to a program more advantageous 
to mathematics students.  Hopefully, if the program is found to be beneficial for students, 
the school district can be persuaded to both continue the program as well as expand Math 
Recovery to incorporate other mathematics courses or additional students.   
Research Questions 
 
The first research question comes directly from the problem mentioned earlier:  
All students are now required to complete algebra; therefore, the students who had in the 
past not taken algebra due to lack of readiness for the subject matter caused a higher 
number of failing grades.  Thus the first research question will be: 
1. Is there a difference in mean grades in Algebra/Geometry I for 
Recovery versus non-Recovery mathematics students? 
This study will be conducted to compare students enrolled in both Algebra/Geometry I 
and Math Recovery with their counterparts enrolled only in Algebra/Geometry I without 
the support of the supplemental course.  The methodology will be discussed at a later 
point in this proposal. 
The second research question emerges from the researcher’s interest in the 
effectiveness of Math Recovery on the students.  The impact upon students’ 
understanding of mathematics beyond the time period of enrollment in Math Recovery is 
tremendously important.  If Math Recovery is a robust treatment, it will have a long term 
benefit on the mathematical achievement of students.  Not only would the student benefit 
from the short-term intervention, but the treatment would also have long term 
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consequences; educators strive to achieve long-term consequences!  Therefore, the 
second question is:   
2. Is there a relationship between student scores on their tenth-grade 
MAP test and enrollment in Math Recovery? 
The third research question comes from the researcher’s and mathematics educators’ 
interest in both gender and racial differences regarding the treatment of Math Recovery.  
By including both gender and race, a more robust picture of the treatment can be 
understood.  Therefore, the third question is: 
3. Is there a difference in the mean grades earned in Algebra/Geometry I 
and scores from the tenth-grade MAP test for Math Recovery 
mathematics students based on either race or gender? 
Research Hypotheses 
 
From these three questions, six hypotheses were generated.   
1. Students enrolled in Math Recovery will perform differently from (as 
measured by ninth-grade Algebra/Geometry grades) students not enrolled in 
Math Recovery. 
2. Students enrolled in Math Recovery will perform differently from (as 
measured by tenth-grade MAP scores) students not enrolled in Math 
Recovery. 
3. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to gender.   
4. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to race.    
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5. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to gender.   
6. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to race.   
Null Hypotheses 
 
1. The achievement (as measure by ninth-grade Algebra/Geometry I grades) of 
students enrolled in Math Recovery will be the same as the achievement of 
students not enrolled in Math Recovery. 
2. The achievement of students (as measured by tenth grade MAP scores) 
enrolled in Math Recovery will be the same as the achievement of students 
not enrolled in Math Recovery. 
3. There is a no difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to gender.   
4. There is a no difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to race.    
5. There is no difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to gender.   
6. There is no difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to race.   
 
Delimitations of the Study 
 
The researcher, as well as most researchers, would like for the results of the study 
to be generalizable to other situations.  In this study, threats to external validity are few; 
however, the researcher will articulate these delimitations in order for the reader to 
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understand the scope of this investigation.  The first delimitation affecting external 
validity is the fact that only one district was considered; the grades and MAP scores were 
solely extracted from three large high schools in a single school district.  Even though the 
participants were mixed in race, mostly African-American and Caucasian, the 
participants did not include a significant number of Latinos or other racial groups.  In 
addition, the school district under review included free and reduced students totaling only 
12 percent.  Since most urban districts usually have a much larger number of students 
qualifying for free and reduced lunches as well as a larger minority population, it would 
be difficult to generalize the results of this study to urban school districts as the district 
under study is not highly diverse.   
Another delimitation that exists in this study is the decision not to survey the 
students about why they chose, or did not choose, to take the Math Recovery course.  
This information would be helpful in completing the whole picture concerning the 
findings.  During the process of writing this proposal, the researcher contemplated 
finding and surveying the students under study; however, because this study will employ 
archival data, many of these students would be difficult to locate and survey. 
 Lastly, a delimitation that exists in this study is the decision not to include the 
students who do not have three consecutive years of data (eighth-grade MAP scores, 
ninth-grade Algebra/Geometry I grades, and tenth-grade MAP scores).  The transfer of 
students in or out of the district could explain why students might not have these data 
points.  Additional, there is a possibility some students might have departed 
Algebra/Geometry I after first semester to take another course.  However, the researcher 
estimates that the number of such students might be as small as 20 students.   
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Limitations of the Study 
 
 The limitations of this study are few; however, because of their threat to internal 
validity, they must be identified and, if possible, minimized.  The first pitfall to internal 
validity is the factor of testing.  According to Gall, this shortcoming occurs when a 
student becomes test-wise with a pre- and post-test (Gall, 2007).  Since the format of the 
MAP test is similar between the eighth and tenth grades, students could have conceivably 
learned ―how‖ to take the test rather than to know the content.  In addition, teachers in the 
ninth and tenth grade can confound the situation by offering test-taking strategies 
designed to artificially inflate the students’ standing on the tenth grade test.  This 
limitation cannot be controlled as the data are archival.   
The second drawback to internal validity is differential selection.  Gall (2007) 
refers to differential selection as the process by which students are assigned to the two 
groups, Recovery and Non-Math Recovery.  The researcher lacked the ability to affect 
the composition of the groups studied since the study was ex post facto.  Students in this 
particular district enroll for Math Recovery in the spring of their eighth-grade year; 
therefore, the assignment of participants to the two groups was voluntary based the 
student’s performance in their respective mathematics course and teacher 
recommendations.  However, while each student enrolled in the Math Recovery program 
was asked to take the course based upon course grades and teacher recommendation, the 
choice was not mandatory; i.e., some students who were recommended for Math 
Recovery opted not to enroll in the course.  However, students in the eighth-grade were 
required to attend enrollment conferences with their parents to review the 
recommendations for the courses in which they were enrolling.  Hopefully, this activity 
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mitigated the issue of students not taking Math Recovery even though they were 
recommended for the course.  The researcher can make an educated conjecture as to why 
a student would opt not to take the course even though the student would have been 
recommended for the course:  the student might perceive some stigma attached to 
students who enroll in math recovery or the student and/or parent may have a concern 
with only receiving an elective credit for the course and not a math credit.  Self-selection 
confounds the study because the rationale for a student’s decision to take Math Recovery 
is not entirely clear.    
Another threat to the validity of the study is an implementation threat.  In this 
study, the individuals who teach the courses Math Recovery and Algebra/Geometry I can 
pose a threat to the implementation of the study as each possess varying degrees of ability 
in their teaching styles.  Math Recovery is taught by six different teachers, two per 
building.  From past observations, these teachers tend to be the same teachers year after 
year.  However, these particular teachers also teach other courses such as Algebra I, 
Geometry, Algebra II, and Pre-Calculus.  Therefore, they have a variety of teaching 
experience.  Algebra/Geometry I is taught by nine different teachers, three per building.  
Unlike Math Recovery, the teachers of Algebra/Geometry I vary from year to year.  On 
the other side of the equation, the students taking Math Recovery are randomly assigned 
to the Algebra/Geometry I course just as the other students are assigned to the course.  
Therefore, there does not appear to be a cluster of Math Recovery students assigned to 
the same section of Algebra/Geometry I.     
Because the data collected is after the fact, the researcher does not have the ability 
to assign teachers who teach Math Recovery.  However, the researcher has asked the 
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district for the data to be tagged by school and teacher.  This will allow the researcher 
discern differences in school results.  In addition, by having the courses taught by a 
variety of teachers, hopefully, the implementation threat is diminished.  Unfortunately, 
the district would not disaggregate the data by teacher, only by school.   
 The fourth danger affecting the limitation of this study is the maturation of the 
individual student.  The treatment, Math Recovery, is in place for one school year, the 
students’ freshmen year.  Vaus (2001) described maturation as ―change due to the passing 
of time rather than the experimental intervention‖ (p. 73).  Since the experimental 
intervention, Math Recovery is in place during the students’ freshman year of high 
school, the student will mature and the ability of the student to comprehend may change 
during this time period.   
The last threat to internal validity is what researcher call ―regression toward the 
mean.‖  In this study, a pretest, MAP at the eighth-grade, and posttest, MAP at the tenth-
grade, will be given.  Over time, high test scorers might become lower and low test-
scorers might become higher.  This happens when the two test do not have a perfect 
correlation.  Because there is an imperfect linear relationship between these two tests, 
―regression toward the mean always occurs‖ (Cohen, 2002, pg. 36).  By the design of this 
study, any increase or decrease in the means found in the comparison group will be 
assumed to be the baseline.  Whereas, any increase or decrease above or below, 
respectively, the baseline found in the dependent variables can be attributed to the 
intervention, Math Recovery. 
  
 17 
 
CHAPTER 2 
 
REVIEW OF LITERATURE 
 
―Mathematics is not just another science; it is the language through which all of 
science and much of management science is taught.  The student who closes the door on 
high school algebra closes the door on much more‖ (Roberts, 1991).  Since Algebra I is a 
building block for higher mathematics, a student without a solid foundation in Algebra I 
cannot successfully complete subsequent courses in mathematics.  For this reason, 
Algebra I is considered the gateway course for higher levels of mathematics (Walker & 
Senger, 2007).  Not only is Algebra I necessary for the successful completion of higher 
level mathematics, but it is also a major stumbling block for many students in completing 
high school.  Neild writes that of the recent high school dropouts, one-third did not earn 
enough credits to be promoted from the ninth to tenth grade (Neild, 2009).  Even though 
there are no statistics regarding the number of students failing Algebra I, this researcher 
is fairly confident Algebra I is a major obstacle to numerous students completing the 
freshman year.   
An anonymous quote summarizes the feelings of many high school students 
struggling to complete algebra:  ―If there is a heaven for school subjects, algebra will 
never go there.  It is the one subject in the curriculum that has kept children from 
finishing high school, from developing their special interests and from enjoying much of 
their home study work.  It has caused more family wows, more tears, more heartaches, 
and more sleepless nights than any other school subject‖ (Anonymous, 1936).  Because 
algebra poses hurdles to the success of numerous students, districts throughout the United 
States have created a variety of support mechanisms for students to become more 
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successful in mastering algebra.  One such instrument designed for this agenda is Math 
Recovery. 
The district under consideration determined the need for a support class for those 
students enrolled in the Algebra/Geometry I and II courses offered in the three high 
schools.  Once the purpose of the course was established, district teachers convened to 
design the course curriculum under the direction of the district’s Mathematics Curriculum 
Specialist.  The title, Math Recovery, was assigned to the course to denote the intent of 
the students to recovery specific algebra skills needed to be successful in subsequent 
courses.   
In this literature review, the researcher will review the current state of Algebra in 
the United States as well as a brief history of the subject in American public education 
with special attention dedicated to the State of Missouri and its curricular focus on 
―Algebra for All.”  Continuing with the concept of ―Algebra for All,” the roll the 
prominent organization, National Council of Teachers of Mathematics, will be explained 
via its documents as they pertain to algebra and its development throughout the various 
grade levels.  Next, the need for support of students enrolled in Algebra is demonstrated 
by viewing the high failure rate of students in particular districts.  At the crux of this 
dissertation, the researcher is interested in the intervention, Math Recovery; the hope is 
that Math Recovery is a successful intervention program increasing student achievement.  
Therefore, various interventions that are currently in place are investigated.  Lastly, the 
history and role of Computer Aided Instruction in public schools is explored.  In the Math 
Recovery course, the school district under investigation used a CAI program as a major 
component of the course. 
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Current State of Algebra in the United States 
 
 In the current high school setting, algebra is commonly offered to incoming 
freshmen if they have not yet taken algebra in the prior middle grades.  The number of 
students enrolled in Algebra I during their eighth-grade is 30 percent (Rampey, 2009).  In 
high school even for those not enrolling in algebra, a less rigorous course in the 
fundamentals of algebra is usually mandatory.  According to the 2008 NAEP report, all 
but four percent of students take a course in Algebra I prior to graduating high school.  
Unfortunately, the NAEP does not collect information regarding the curriculum of the 
Algebra I courses offered.  For instance, in some school districts, Algebra I may only 
teach content up to graphing linear lines, whereas a neighboring school district might 
consider Algebra I content to contain quadratics and rational expressions.  This lack of 
common curriculum causes comparison of school districts somewhat confusing and 
impractical.    
 Algebra teachers were delighted with the release of the assessment study, Trends 
in International Mathematics and Science Study (TIMSS).  This 2007 report reflected 
positively on the state of algebra in the United States.  TIMSS is an international 
assessment that illuminates the state of mathematics around the world.  The mathematics 
and science assessment is given to both fourth- and eighth-grade students.  In 2007, 48 
countries participated in the eighth-grade math test while in 1995, 41 countries 
participated in the eighth-grade math test.  However, only 20 countries participated in 
both years of 1995 and 2007.  This allows for information regarding trends in 
mathematics.  According to the most recent TIMSS study, the United States ranked 16
th
 
in eighth-grade math scores in 1995; however, in 2007, the United States improved its 
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rank to 8
th
 (Gonzales, 2009).  The United States demonstrated a 16-point gain in eighth-
grade math scores from 1995 to 2007.  This study did not contain statistics concerning the 
number of students failing Algebra I. 
 The researcher does not know the number of those students enrolled in Algebra I 
who fail the course.  However, the researcher can highlight course failures in one large 
school district.  The Los Angeles School District hit a low point in 2005 with the 
beginning algebra students.  Of those 48,000 students enrolled in beginning algebra, 44 
percent failed the beginning algebra course.  This statistic was nearly twice the failure 
rate of English in this district (Helfand, 2006).   
History of Algebra in the United States and the State of Missouri’s Algebra I 
 
The first public school was opened in the State of Missouri in 1838, and it was not 
until 1853 when the first public high school was opened is St. Louis (Dexter, 1906).  The 
city of Boston, Massachusetts, was the first to establish a public high school in 1821 
(Dexter, 1906).  In 1827, the State of Massachusetts mandated that all public high schools 
include algebra in the curriculum if the town housing that high school contained 500 or 
more families (Kilpatrick, 2009).  As more and more schools came into being, the 
placement of algebra changed radically.  Algebra that was once primarily taught at the 
collegiate level gradually moved to the high schools during the nineteenth century 
(Osborne & Crosswhite, 1970).  By 1890, 52 percent of students enrolled in public high 
schools took the course of algebra (Dexter, 1906).   
 Because of the high failure rates and the renewed attention NCLB has brought to 
our students failing in public schools, much has been written about not only programs 
designed to reach these failing students, but also why these students are failing.  Many 
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mathematicians have urged school districts to enroll all students in algebra with remedial 
courses such as general math deleted from the course catalog.  The district under study 
resides in the State of Missouri, a state that has pressed for more rigorous mathematics 
coursework.   
 As in most states, the State of Missouri began a major restructuring in 1993 with 
the passage of the Outstanding Schools Act, a state law.  With this act, the Show-Me 
Standards were established, housing a set of 73 standards.  These standards laid the 
groundwork for what all Missouri students should know and be able to do.  From these 
standards came the Curriculum Frameworks designed for curriculum development in all 
subject areas especially mathematics.  Ironically, neither these documents, nor any 
subsequent documents, state the specific courses school district must offer.  Currently, 
Algebra I is not a state requirement for students attending Missouri school districts. 
 However, with the Curriculum Frameworks published in 1993, Missouri schools 
were encouraged to adopt coursework that emulated the Curriculum Frameworks.   
Further, the State MAP tests contained test items directly tied to the objectives enclosed 
in this document.  Therefore, by default, school districts dropped lower level mathematics 
courses in order to meet the objectives over which the students would be tested.  Thus, 
algebra, as in many Missouri school districts, became required by default for students in 
the school district under observation.   
NCTM’s Role in ―Algebra for All‖ 
 
 Prior to NCTM’S push for algebraic concepts delivered in the earlier grades in the 
late 1980s, teaching algebra to high school students was once only reserved for those 
students who were destined for college.   
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NCTM asserted its prominence into the national debate on mathematics 
curriculum with the publication of Agenda for Action:  Recommendations for School 
Mathematics for the 1980s in 1980.  The report contained eight recommendations 
accompanied by a discussion and a specific plan for implementation (NCTM, 1980).  
Two of these recommendations tied directly to this study providing an impetus for 
change.   The first was Recommendation 3:  ―Mathematics Programs must take full 
advantage of the power of calculators and computers at all grade levels‖ (NCTM, 1980, 
p. 7).  Computer usage in schools was barely in its infancy; this clearly was forward 
thinking for the time of the report.  The second was Recommendation 6:  ―More 
mathematics study must be required for all students and a flexible curriculum with a 
greater range of options should be designed to accommodate the diverse needs of the 
student population‖ (NCTM, 1980, p. 9).  For the first time in many years, a push was 
made for both more and higher-level mathematics at the high school level.  The 
researcher believes this report became the basis for change toward all students engaging 
in algebraic thinking and coursework.  This report eventually paved the way for the 
Curriculum and Evaluation Standards for School Mathematics, which was published by 
NCTM in 1989. 
However, prior to the publication of Curriculum and Evaluation Standards for 
School Mathematics NCTM’s 1988 yearbook, The Ideas of Algebra, K-12, was 
published.  The book discussed the forces ―impinging on algebra in the curriculum, 
concepts and teaching possibilities prior to the formal introduction of formal algebra, and 
the use of technology in the algebra classroom‖ (Coxford & Shulte, 1988).  The 
mathematics community received its first concrete glimpse at specific topics important to 
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the development of the algebra learner.  What made the year book unique was not only 
introducing algebra to students in earlier grades, but also that algebra was intended for all 
students, not just the students bound for college. 
 One year later following the publication of the 1988 yearbook, The Ideas of 
Algebra, K-12, NCTM released the Curriculum and Evaluation Standards for School 
Mathematics.  For the first time, NCTM indicated content that should be included in the 
school mathematics curriculum.  ―This document presented a framework broad enough to 
be endorsed by practically the entire mathematics and mathematics education 
communities‖ (Usiskin, 1997).  The standard of algebra appears in grade levels five 
through twelve, (NCTM, 1989, p. 4).  In addition, the 1989 standards specified 
instructional goals for all students:  ―(1) mathematically literate workers; (2) lifelong 
learning; (3) opportunity for all; and (4) an informed electorate‖ (NCTM, 1989).  This 
researcher believes ―opportunity for all‖ serves as a catalyst for change in the prospect for 
all students to be exposed to mathematics, especially algebra.   
 Eleven years later, the document Principals and Standards for School 
Mathematics (PSSM) was released by NCTM.  PSSM outlined essential fundamentals for 
a K-12 mathematics education.  Among the more important elements of PSSM were the 
five process standards (reasoning, representation, problem solving, connections, and 
communication) and five content standards (number, measurement, algebra, geometry, 
data, and statistics).  Similarly, when one views the Show Me Standards, you will find all 
process and content standards in the performance goals and content knowledge, 
respectively.   
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In 2006, NCTM continued with its promotion of mathematics for all with the 
publication of the Curriculum Focal Points for Prekindergarten through Grade 8 
Mathematics.  The Focal Points were considered an extension of the Principles and 
Standards for School Mathematics published in 2000.  In this document, NCTM 
articulated a few important goals for each grade level, prekindergarten through eighth 
grade.  Algebra thinking is first seen in the first grade in combination with other 
mathematical strands and continues to the eighth grade where algebra becomes its own 
stand alone strand; thus, emphasizing the importance algebra plays in the mathematical 
development of the learner.  The Focal Points are intended to be used to make decisions 
regarding curriculum development; however, they do not represent everything that should 
be taught at a particular grade level.    
 In 2008 following the release of the Focal Points, The National Mathematics 
Advisory Panel issued the report Foundations for Success.  The report articulated 
―actions that must be taken to strengthen the American people in this central area 
(mathematics) of learning‖ (NMAP, 2008, p. xi).  The report contained seven 
recommendations concerning the curricula of mathematics in the nation’s schools.  One 
of these recommendations focused squarely on ―The Nature of School Algebra.‖  
Contained in this recommendation were specific topics to be taught and learning in an 
algebra sequence to have been completed by grade 11.  The authors of the report 
recommended that ―all school districts should ensure that all prepared students have 
access to an authentic algebra course‖ (NMAP, 2008).  The researcher believes a key 
word in this quote to be ―prepared.‖  In addition, the researcher believes an important part 
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of the current investigation is to determine whether or not the Math Recovery is preparing 
students to be successful in algebra. 
The Need for Support in the Pursuit of ―Algebra for All‖ 
 
 The literature would suggest that middle school students struggle as they enter 
their respective high schools.  In Kentucky alone, 12 percent of freshmen did not earn 
enough credits to become a sophomore the subsequent year (Prichard Committee, 2001).  
Mathematics posed the biggest hurdle to students’ success.  Because of this issue, Graves 
County High School along with its middle school developed a bridge program to 
coordinate vertical teaming.  The goal was to ease the children into high school 
coursework.  Because of this coordination in Graves County, the failure rate dropped 
from 17 percent to 6 percent (Prichard Committee, 2001).  The district under study has 
spent an inordinate amount of time realigning their curriculum where the high school 
complements the middle school and the middle school supports the high school 
curriculum.  In addition, the district has spent significant resources in aligning the 
curriculum from middle to high school in hopes of alleviating the high failure rate in 
mathematics. 
 Another study concentrated on student/teacher relationships toward mathematics.  
The results of this study demonstrated that when students perceived support from their 
mathematics teachers, their academic performance in mathematics increased (Midgley & 
Eccles, 1989).  By increased support and effort of these failing children, the hope is that 
Math Recovery will have a positive influence on the students’ academic performance. 
 Many mathematicians have mistakenly believed that the concept “Algebra for 
All” is a relatively new concept in the curriculum of public schools.  However, the 
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researcher found an interesting study done in 1920.  At Central High School in Kansas 
City, Missouri, all students were required to take Algebra I.  Because of the large number 
of failures, a study was constructed to determine the feasibility of continuing to offer 
algebra to all in the Kansas City Schools.  At the time, the administration felt it was a 
―waste of school funds in the maintenance of these classes‖ for those students who were 
not deemed suitable to learn algebra (Wood, 1920).  Wood compared class grades to the 
Rugg and Clark intelligence test finding that a ―low grade of intelligence‖ was the cause 
of students not functioning well in the Algebra I course, and therefore, he concluded 
―Algebra for All” should be discontinued.                
Currently, this researcher does not know the number of districts who mandate 
“Algebra for All.”  However, there are some large school districts in the United States 
that do require algebra for all of their current students.  Chicago is one such district where 
in 1997 the Chicago school systems directed all ninth-grade students to enroll in Algebra 
I (Vindero, 2009).  Since the requirement was instituted, the failures in mathematics rose.  
The failures were so high, the school district took action in 2003 by ―introducing students 
to algebra concepts in grades K-8, requiring struggling ninth-graders to take double 
periods of algebra, and providing more professional development to math teachers‖ 
(Vindero, 2009).  Again, this represents another attempt to align the curriculum K-8 to 
where the students will hopefully be more successful upon entering high school. 
One month after the Vindero article was published regarding the high failures of 
mathematics students in Chicago public schools, a report was issued concerning the 
effectiveness of the ―double-dose‖ policy for struggling algebra students.  At the 
University of Chicago, researchers found that ―providing support courses improved 
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algebra test scores for the target population but only modestly affected grades and failure 
rates‖ (Nomi & Allensworth, 2009).  School district officials would want both test scores 
to improve as well as the failure rate to decrease.  To do otherwise defeats the purpose of 
financing an expensive endeavor of maintaining such a program.  The researcher finds 
the study extremely beneficial as the study under consideration investigates a similar 
situation.   
There are only two states that require all students to take Algebra I.  In July of 
2008, the State Board of Education in California decided to require all eighth-graders to 
take Algebra I; in addition, the students will be ―tested as part of the state’s accountability 
system‖ (Jacobson, 2008).  However, not all people in California were enthusiastic about 
the new requirement.  Jack O’Connell, the state’s Superintendent of Public Instruction is 
one such individual.  He stated, ―I strongly disagree with the governor’s proposal to 
require algebra without also offering any of the support for our school districts‖ 
(Jacobson, 2008).  He did not elaborate what type of support he found necessary for the 
successful completion of Algebra I for California’s school children.   
Because of the sweeping change to California’s curriculum, many people have 
come out in opposition to the change without major support.  Jack O’Connell pointed out 
in a July article for Education Week, ―Just 23 percent of students who take the state’s 
eighth-grade test of general math skill—not its Algebra I test – reached proficiency on 
that easier exam‖ (Cavenagh, 2009, p. 13).  In the same article, Skip Fennell, (former 
president of NCTM), commented that ―the math panel’s final report recommended that 
school move more students into eighth-grade algebra but only if they had received a 
thorough preparation‖ (Cavenagh, 2009).   The opposition to the California mandate 
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came to a climax with the Sacramento Superior Court issuing an injunction halting the 
implementation of the state board’s ruling requiring Algebra I for all eighth-grade 
California students (Garrett, 2009).   
Interventions 
 
 Interventions abound in variety and level of intervention.  However, in the end, 
the common outcome of these interventions when applied to the mathematics curriculum 
is to increase mathematics achievement.  One study examined interventions with low-
achieving students offering consistent feedback, tutors, and extra practice; it found 
significant gains in mathematical performance (Baker & Lee, 2002).  In the program 
under study, a large portion of the students are low on the socio-economic scale.  In 
addition, one-third of the Recovery Math program involves practice with current content 
the students are experiencing in Algebra/Geometry I.  Also, the Auto-Skills program, used 
in the Math Recovery, gives frequent feedback with explanations to the students. 
 In the school district under study, Auto-Skills is a computer-directed mathematics 
program that begins with students taking a pretest.  According to this pretest score, the 
computer places each student at her/his level within Auto-Skills.  From here, the student 
advances through the program in an interactive pursuit of acquiring basic algebra skills to 
ensure success in the regular Algebra/Geometry I course.            
 Tutoring as a form of extra help in mathematics demonstrates itself in a variety of 
avenues.  A parent can hire an outside tutor from school, teachers can provide assistance 
to the students before or after school, or teachers can design a program where students 
actually receive help from their peers.  A meta-analysis study concerning tutoring found 
that both students who served as tutors and those being tutored had significant gains in 
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their academic performance (Cohen & Kulik, 1982).  In this meta-analysis, 65 studies 
concerning tutoring programs in elementary and secondary schools were examined.  The 
Math Recovery program contains elements of tutoring as an instructional practice.  In this 
program, students are arranged in groups where they help each other with the current 
material.  At times, students go to the board and demonstrate their method of solving 
problems. 
 In another study, tutoring was once again found to increase academic achievement 
as well as motivation (Klausmeier, 1980).  Klausmeier found that when the components 
of modeling, providing feedback, and reinforcing are applied to the tutoring situation, 
achievement grows most significantly. 
 Lastly, the literature suggests that by reorganizing the mathematics curriculum, 
students have been shown to improve in their mathematics ability.  In the first study, 
three transition programs were under study: Math A, Stretch Regents, and UCSMP.  All 
of the courses studied were designed to bring students up to speed in their mathematics 
education during the students’ freshman and sophomore years (Gamoran & Smithson. 
1997).  The data showed that learning gains of students in transition courses are similar to 
those of students in college-preparation courses, and the reason for this is that the 
transition programs cover a rigorous mathematics curriculum (Gamoran, Porter, & 
Smithson, 1997).  The purpose of Math Recovery is to give the students support in 
coursework requiring the students to attain a strong foundation in algebra.  Hence, the 
hope is that the transition program, Math Recovery, will give the struggling students a 
foundation in order for them to take advanced mathematics courses in the future.   
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History and Current Use of Computer-Aided Assistance 
 
 Since the introduction of computers in 1966, Computer Aided Instruction has 
grown immensely in both the availability of computers for student use and the 
sophistication of the computers in use.  In the 1984 NCTM Yearbook, Hatfield defined 
computer-aided instruction as the execution of a prepared computer program by the 
student or teacher for the purpose of instructing (Hatfield, 1984).  He further stated that 
CAI can be sorted into the following categories:  practicing, tutoring, simulating, gaming, 
testing, informing, and communicating.  The computer software the students use in Math 
Recovery can be categorized as both practicing and tutoring but can also progress one 
step further, teaching.   Auto-Skills, the CAI instrument used by the district under 
consideration, monitors the student’s progress, placing the student at his/her mathematics 
level.  If the student incurs an error in providing an answer, the software then leads the 
student through the correct mathematical process.  
 In the early 1960s, the computer system, Programmed Logic for Automatic 
Teaching Operation (PLATO), was designed and implemented by the University of 
Illinois.  PLATO covered 30 courses reaching students in elementary schools, high 
schools, and colleges (Troutner, 1991).  According to Trippon, 1968, the student could 
―progress at his own rate, ask for additional help, and branch through the questions in a 
variety of ways.  Soon after PLATO I made its debut, the architects of this software 
introduced PLATO II and PLATO III.  With the introduction of PLATOIII, an embedded 
computer language named TUTOR allowed teachers to actually design their own 
coursework (Cherian, 2009).  
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Shortly after the introduction of PLATO, the 1500 Instructional System made its 
debut in classrooms in 1966 specifically for instructional purposes.  The machines were 
simplistic in nature compared to today’s standards containing ―an audio system, a 
cathode ray tube display, a picture projector, and a typewriter keyboard‖ (Troutner, 
1991).  Computer systems prior to this were designed for business purposes not lending 
themselves for computer instruction (Hall, 1971).  
 Today, computers are prevalent in almost every school throughout the nation and 
are used in a variety of ways.  Throughout the introduction of computers, many programs 
have been implemented regarding computer-aided instruction.  Some studies have shown 
no significant gains in student’s mathematics performance of students affected with the 
usage of computers while others have shown gains in student achievement.  The first 
study evaluated a computer-aided program based on Schoenfeld’s theory, in which the 
computer provides ―hints‖ to the student when the student becomes stumped (Harskamp 
& Suhre, 2007).  For instance, when a student missed a problem, the program would then 
offer hints as to how to begin the problem.  If the student again missed the problem, 
additional clues would be presented by the computer program.  The results of the study 
demonstrated that the computer-aided program involving Schoenfeld’s theory did not 
produce significant differences from those without the computer program (Harskamp & 
Suhre, 2007).   
 The second study, done by Walker and Senger, found similar results.  In this 
study, African-American students who were identified as developmentally deficient in 
algebra skills were exposed to a computer-aided program in hopes of gaining proficient 
algebra skills (Walker & Senger, 2007).  The study was limited in its scope as the 
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computer-aided program only pertained to solving equations.  As with the first study 
mentioned, there was no difference between the two groups of computer and non-
computer instructed students (Walker & Senger, 2007).  Given these patterns of results in 
the literature the following research questions are posed regarding the evaluation of the 
Math Recovery program in the school in interest.     
 The researcher is also concerned with the differences in achievement between 
male and female students.  Since computer-aided instruction serves as a remediation tool 
in the Math Recovery program in this school district, an interest is served in discovering 
whether or not the computer-aided instruction affects male and female students equally.  
A third study was completed at a large university; it set out to determine if the attitudes 
and comfort levels of male and female students differed.  In this study, the researcher 
found that ―female students scored lower than their male counterparts with regard to their 
attitude towards the increasing use of computers at the university‖ (Hullett & Mitra, 
1997).  The female students also scored lower mean scores with their level of comfort in 
using the computers.  The differences between male and female students concerning 
comfort and attitudes toward computers might shed some light on the researcher’s 
question regarding the possible variation in MAP scores and grades between male and 
female students.   
 Yet another study involving CAI was conducted in the 2004-2005 school year.  
This study differs from the previous studies because the students were enrolled strictly in 
traditional instruction or strictly in CAI.  The study contained 17 schools in three school 
districts, one of each in the Northeast, Midwest, and South.  A total of 1585 students took 
both the pre- and post-test; the test was comprised of both pre-algebra and algebra skills.  
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The researchers found that the students taught in the CAI setting had an increased 
achievement in pre-algebra and algebra by .17 of a standard deviation (Barrow, 
Markman, & Rouse, 2007).  At this point, the researcher must remind the reader that in 
the study under consideration, students receive traditional instruction in addition to CAI, 
which is imbedded in Math Recovery. 
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CHAPTER 3 
RESEARCH DESIGN AND METHODOLOGY 
The purpose of Chapter Three, Research Design and Methodology, is to provide a 
blueprint for the subsequent chapter, the results.  In this chapter, the participants, design 
method, instrumentation, procedures, and data analysis will be described in detail.  
Rudestam (2007) defined the methodology chapter as ―the exact steps that will be 
undertaken to address the hypotheses or research questions‖ (p. 87).  By doing so, a clear 
picture will be provided to both the researcher as to how to proceed and the reader of the 
study as to what to expect.    
Research Design 
 
 The research design will be a static, two-group comparison using archival data on 
students.  The data utilized will be MAP test scores before and after the treatment as well 
as grades earned in Algebra/Geometry I during the treatment in order to assess the 
program’s effectiveness.  With the existence of a comparison group, the threats to 
validity are greatly reduced.  The baseline data will be the MAP scores from the students’ 
eighth-grade school year.  These data points will help establish performance trends in 
both the treatment and control groups.  The treatment group will comprise students 
enrolled in the course, Math Recovery, during their ninth-grade year.  These students are 
also dually enrolled in Algebra/Geometry I.  The control group will comprise students 
enrolled in Algebra/Geometry I but not in Math Recovery.   
During the ninth-grade year, grades issued to the students in their 
Algebra/Geometry I class will be utilized to determine the effect that Math Recovery 
might have had.  After the students have successfully completed both Math Recovery and 
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Algebra/Geometry I, the post-intervention’s measurements will be the students’ tenth-
grade MAP scores.  Only those students who have completed the three-year sequence 
will be considered for this study.   
Because the researcher is only using those students who have all three data points, 
a potential bias arises with some missing data points.  The researcher is concerned with 
the reason why data points might not exist for certain students.  For instance, if students 
are missing eighth- or tenth-grade MAP scores, the researcher would like to know why 
this group of students is not taking the MAP test and the impact of not having these 
students’ scores in the study.  Fortunately in this district, days are set aside for those 
students who are absent on the day of MAP testing; therefore, missing MAP data for 
students should be minimal.  Another potential bias inherent in using the data from the 
three-year sequence is the data missing from those students who were not promoted from 
the eighth-grade to high school.  Unfortunately at this time, the researcher does not have 
access to the number of students affected by non-promotion.   
Participants 
 
This study will include data from a large, suburban, public school district located 
in the Midwest outside of a large urban center.  Within this school district, there are 
eighteen elementary schools, three middle schools, and three large high schools.  The 
entire school district educates 17,137 pupils, 5,415 of whom are high school students.  
Each high school contains roughly 1,800 students.  In this district, the demographic 
makeup of the student population is as follows:  Asian 2.1 percent; African-American 
11.0 percent; Hispanic 3.4 percent; Indian 0.2 percent; and Caucasian 83.3 percent.  The 
percentage of students eligible for the free and reduced-lunch program is 12.9 percent.  
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The graduation rate of high school students is 92 percent with 73 percent of those 
graduates entering two- or four-year universities and colleges.   
 
Table 2 Demographics by Race 
Asian 
 
African-
American 
Hispanic 
 
Indian Caucasian 
 
Free 
Reduced 
Graduation 
Rate 
2.1 % 11 % 3.4 % .2 % 83.3% 12.9 % 92 % 
 
 
 
Participants for this study will be all freshmen students enrolled as ninth-graders 
in Algebra/Geometry I for the 2005-2006 school year from all three of the high schools 
for whom eighth- and tenth-grade MAP scores are recorded.  A portion of the students 
enrolled in Algebra/Geometry I were simultaneously enrolled in Math Recovery, a course 
designed to provide academic support for the students enrolled in Algebra/Geometry I.  
In this study, those students who participated in the Math Recovery program are 
considered as the treatment group while those students who did not participate in Math 
Recovery are considered as the control group.  The students are both male and female and 
belong to a variety of ethnic groups; the exact percentages will be shown later in the 
results section. 
Algebra/Geometry I is a course for those freshmen who have below average math 
abilities; otherwise, the freshmen would have been placed in either Algebra I or 
Geometry.  The curriculum taught in Algebra/Geometry I is roughly one-half the 
curriculum taught in Algebra I.  Figure 1 outlines the structure of courses offered to 
students who have taken Pre-Algebra in the eighth-grade. 
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Figure 1.  Grade level and course offerings. 
 
Math Recovery is a course offered concurrently at the ninth-grade year for those students 
who are extremely deficient in their mathematical skills.  If a student is enrolled in Math 
Recovery, then the student is also concurrently enrolled in Algebra/Geometry I.  This 
district initiated the program in the 2003-2004 school year.  The 2005-2006 year was 
chosen for this research in order to give the district enough time to fully implement and 
alter (if needed) Math Recovery.  Archival, quantitative data will be requested in order to 
examine the relationship between those students who did or did not receive the treatment, 
Math Recovery.  The data collected will be from intact, pre-existing groups.  
Sample 
 
The sample consists of the accessible population for which data exists on these 
three variables; the sample will be a convenience sample.  Data from students enrolled in 
both Math Recovery and Algebra/Geometry I at all three high schools for the 2005-2006 
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school year will be captured for analysis.  By choosing the 2005-2006 school year, 
eighth- (2004 – 2005 school year) and tenth- (2006 – 2007 school year) grade MAP data 
and ninth- (2005-2006 school year) grade final grades from Algebra/Geometry I for these 
students will be available.  For this study, only those students who have data from all 
three years will be used.  This program will permit the collection of data from 
approximately 120 treatment and 300 control-group participants, an ample number of 
data points to provide a complete and clear picture of the program under examination.   
There will be no adverse effects on the students as all students will be assigned an 
arbitrary number with their corresponding scores.  The researcher did not teach any of the 
students whose data were used in this study.  In addition, the researcher will not have the 
opportunity to teach these students in the future.  At no time in the study will the 
researcher have access to individual students’ identities as the school district officials will 
arbitrarily assign the numbers to the student data before providing the data to the 
researcher.  However, potential ramifications of the study for the school district could 
exist.  Because the school district has invested significant monies to fund Math Recovery, 
the outcome of the study could possibly influence future decisions to fund this program in 
all three high schools in the school district.   
Instrumentation 
 
Data required for this study will be extracted from three sources:  the students’ 
eighth-grade MAP scores, the students’ course grades in Algebra-Geometry I (the course 
taken in conjunction with Math Recovery, as well as the course taken by students not 
enrolled in Math Recovery), and the students’ tenth-grade MAP scores.  Course grades 
during students’ freshman year will help answer the first research question, ―Is there a 
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difference in mean grades of Algebra/Geometry I for Recovery versus non-Recovery 
mathematics students?‖   The students’ tenth-grade MAP scores will answer the second 
research question, ―Is there a relationship between student scores on their tenth-grade 
MAP test and enrollment in Math Recovery or non-Math Recovery?‖  The eighth-grade 
MAP scores will help in understanding the composition of the students enrolled/not 
enrolled in the recovery program.  Lastly, the third research question can be answered 
with the gender and race of the students involved with the data provided by the school 
district.  That question is as follows:  ―Is there a difference in the mean grades earned in 
Algebra/Geometry I and scores from the tenth-grade MAP test for Math Recovery versus 
non-Math Recovery mathematics students based on either race or gender?‖ Figure 2 
summarizes the data collected and the corresponding year from which the data is 
extracted. 
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Figure 2.  Data collected by grade level. 
 
The grades assigned in Algebra/Geometry I will be used to test the effect of the 
treatment, Math Recovery.  Because grades can, at times, be arbitrary, the researcher will 
outline procedures used in the assignment of these grades to students in 
Algebra/Geometry I; in addition, the researcher will summarize the content taught to 
demonstrate how the school district attempts to ensure that grades are assigned in an 
equitable and objective manner.   
Placement 
 Prior to placement in Algebra/Geometry I in the ninth-grade, students in the 
eighth-grade were enrolled in Pre-Algebra.  From this course, students were placed in 
either Algebra/Geometry I or Algebra I at the ninth grade.  Students placed in 
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Algebra/Geometry I have been placed by the individual student’s eighth-grade math 
teacher based upon grades assigned in the Pre-Algebra course.  In order for a student to 
be recommended for Algebra/Geometry I, the student must receive a C+ or lower in Pre-
Algebra.  There are nine teachers teaching Pre-Algebra, three teachers per middle school 
in the school district.   
Textbook 
 
 The required textbook, Discovery Algebra, is used in all Algebra/Geometry I 
courses taught in this district.  This particular book was chosen by a committee of 
teachers after reviewing multiple texts over a six-month period.  The textbook along with 
its corresponding pacing guide provide the structure necessary to ensure that students are 
delivered nearly identical mathematically material.  All teachers instructing from this text 
have been provided in-service training for the best practices in using the textbook.  There 
is no textbook for Math Recovery. 
Pacing Guide 
 
 During the summer months prior to the beginning of the school session, the 
district’s math curriculum team meets to revise the Algebra/Geometry I common pacing 
guide to be used in all three high schools.  At the required teacher work days one week 
prior to the opening of school, the districts’ teachers receive training regarding the 
implementation of the pacing guide.  For each day of the school year, the pacing guide 
contains what is to be taught as well as common assignments given to the students.  In 
addition, the district houses a shared drive on which teachers can access common, 
periodic assessments given throughout each semester. 
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Syllabus 
 
 In all three high schools, the teachers adhere to the same syllabus.  The syllabus 
states the various percentages assigned for homework, quizzes, tests, and the final exam.  
These percentages grouped together yield the students’ final grades.   
Final Exams 
 
 Across the entire district in Algebra/Geometry I, a common and required 
assessment is given to students at the end of both first and second semesters.  
Algebra/Geometry I teachers at all three high school have input on the exams.  The exam 
contains questions directly related to the core competencies of the course.  Each teacher 
is aware of the competencies that are tied to the common pacing guides that teachers are 
required to follow.  By doing so, the students have a higher probability of being taught 
the same material and held to the same rigorous standards.  The final exams are given 
during the same time period under the same conditions at the end of both the fall and 
spring semesters. 
By having consistency in textbooks, placement, pacing guides, and final exams, 
the grade assigned to students should be more consistent than any less directive method. 
MAP Test 
 
The Missouri Assessment Program (MAP) is Missouri’s testing program for 
students at various grade levels.  The State of Missouri uses MAP data to meet NCLB 
requirements of testing in Communication Arts, Mathematics, and Science.  For the 
purpose of this study, the students’ eighth- and tenth-grade math MAP results will be 
used.  The eighth- and tenth-grade math MAP test contained two sessions:  Session 1 and 
Session 2.  For the 2006 eighth-grade math MAP test, Session 1 contained seven 
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constructed response questions and 23 selected response questions.  Likewise, Session 2 
contained three constructed response questions and 31 selected response questions.  The 
selected response questions in Session 2 were norm-referenced questions created by 
CTB/McGraw Hill.  However, all of the questions were aligned to The Missouri Content 
Standards (DESE, 2006).    
Prior to and including the school year 2005, the state reported its findings 
according to five categories:  Step 1, Progressing, Nearing Proficiency, Proficient, and 
Advanced.  In addition, a cumulative score was given in numeric form; this score is 
named the scale score.  Beginning in the school year 2006, the state reported its findings 
according to four categories:  Below Basic, Basic, Proficient, and Advanced.  However, a 
cumulative score in numeric form is still assigned to the individual student denoting the 
student’s achievement level based upon a scale score.  The State of Missouri has chosen 
to convert the raw scores to scaled scores ―to enhance the tests validity by increasing the 
comparability of test takers’ scores,‖ (DESE, 2006, pg 64).  The software, PARDUX, 
used to scale the test scores was developed by CTB/McGraw-Hill.            
The mathematics portion of the test is given to students in the fourth, eighth, and 
tenth grades.  For the purposes of this study, assessment data for the mathematics portion 
of the MAP program will be collected for those students studied, both eighth-grade and 
tenth-grade MAP scores.  The tenth-grade test will provide data after the intervention of 
Math Recovery.  The MAP test provides information about what students in the State of 
Missouri should know and be able to do.  The test, as well as the district’s curriculum, is 
directly tied to the Show-Me-Standards.  The Show-Me-Standards are 73 academic 
standards the State of Missouri has developed from which the Missouri's Frameworks for 
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Curriculum Development were designed (DESE, 2007).  The Frameworks provide 
direction in what a student should know and be able to do in all curricular areas.   
Evidence of validity of the MAP scores to assess achievement and ability is 
shown by CTB/McGraw Hill through two types of construct validity:  convergent and 
divergent validity.  In order to measure convergent validity, Cronbach’s alpha was 
calculated measuring item homogeneity among test items.  Cronbach’s alpha for the 2006 
mathematics eighth-grade test was .912 (DESE, 2006).  Cronback’s alpha produces a 
number between 0 and 1.00.  The Cronbach alpha found of .912 is high demonstrating a 
high degree of internal consistency.   
The second type of construct validity used, divergent validity, set out to 
demonstrate the correlation coefficients ―between the math and communication arts scale 
scores for students who took both MAP subject area test in 2006,‖ (DESE, 2006, pg. 39).  
The correlation coefficient for the eighth-grade tests was found to be .765.  The 
researcher is concerned the divergent validity coefficient of .765 is high leading the 
researcher to believe the constructs measured are not distinct.   
The State of Missouri offered a range of values for a reliability coefficient for the 
overall MAP program of .92 – 1.00.  In addition, the MAP coefficients are compatible to 
other tests of a similar nature.  For instance, SAT (math) has a .92 - .93 reliability 
coefficient, and ACT (math) has a .89 - .91 reliability coefficient (DESE, 2007).   CTB 
McGraw-Hill did not measure test reliability using the more common methods such as 
test-retest, alternate forms, or split-half methods.  Instead, test reliability was established 
using ―reliability of raw scores, overall standard error of measurement, IRT-Based 
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conditional standard error of measurement, and decision consistency of achievement 
level of classifications‖ (DESE, 2006, pg 36). 
Math Recovery (Treatment) 
 
Math Recovery is the course title used by the specific school system under study.  
Math Recovery is an elective course for freshmen based on four precipitating eighth-
grade factors:  (1) the grade the student received in her/his eighth-grade math course; (2) 
the eighth-grade math teacher’s recommendation; (3) the student’s eighth-grade 
mathematics MAP score; and (4) parental approval.   These four factors are viewed 
holistically prior to making a recommendation for a student’s ninth-grade math 
placement.  Students recommended for this option are concurrently enrolled in Math 
Recovery and Algebra/Geometry I.  Students who are not recommended for Math 
Recovery are simply enrolled in Algebra/Geometry I.  The three components of Math 
Recovery are:  (1) direct instruction teaching mathematical skills students are currently or 
will be using in the Algebra/Geometry I class; (2) tutoring instruction related to the 
mathematics homework of the student; and (3) Auto-Skills computer program.   
Data Collection Procedure 
 
 In order to gain access to the data, a standard school district form will be 
submitted to the Associate Superintendent of Instruction & School Leadership with the 
required information.  The request for data will then be reviewed by the school district’s 
operating team and a decision will be issued.  The district houses all the data in the 
district’s database system.  Once permission has been granted to have access to the 
student data, the researcher will work with the Director of Assessment who will begin the 
process of acquiring the data.  At no point will the researcher know the identity of 
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students, as arbitrary identification numbers will be assigned to the data by personnel in 
the Department of Assessment.  Therefore, student or parental approval will not be 
necessary.  The eighth-grade MAP scores will serve as baseline data.  These scores will 
be compared to students’ tenth-grade MAP scores for the two groups studied, Math 
Recovery and non-Math Recovery.  Student grades from the Algebra/Geometry I course 
will be compared for the two groups as well.  The data collected will support a more 
fully-informed decision on the research study.  This study will consist of archival data 
analysis using the ANCOVA procedure. 
Variables 
 
Response Variables 
 
 The response variables in this study to be examined are the students’ final grades 
in Algebra/Geometry I (ninth-grade) and scores on the mathematics section of the MAP 
Test (tenth-grade).  These variables will give the researcher information concerning the 
effectiveness of Math Recovery, both during and after the treatment. 
In this school district, the response variable, Algebra/Geometry I (ninth-grade), is 
issued in standard form, A, A-, B+, B, B-, C+, C, C-, D+, D, D-, and F.  In order to 
quantify the data into interval data utilized in the ANCOVA procedure, the following 
method of grade assignment is employed. 
 
Table 3 Numeric Values Assigned to Corresponding Grades 
Grade 
 
Assigned 
Value 
Grade 
 
Assigned 
Value 
Grade 
 
Assigned 
Value 
Grade Assigned 
Value 
A 12 B 9 C 6 D 3 
A- 11 B- 8 C- 5 D- 2 
B+ 10 C+ 7 D+ 4 F 1 
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The second response variable, tenth-grade math MAP Test score, is reported to the school 
district in quantitative form and named scale score.   
Explanatory Variables 
 
 In this study, the researcher believed there to be two possible explanatory 
variables for the students’ achievement measured by grades from Algebra/Geometry I 
and tenth-grade math MAP scores.  The researcher believes the explanatory variables to 
be the students’ MAP Test score (eighth-grade) and the enrollment status of Math 
Recovery.  Since the researcher is interested in the effect Math Recovery has on the 
response variables, the explanatory variable, enrollment status in Math Recovery, was 
deemed to be the treatment variable and the explanatory variable, MAP Test scores 
(eighth-grade), was established as the confounding variable or covariate.  It is the 
researcher’s belief that the students’ academic abilities could possibly explain the 
differences in the students’ ninth-grade course grades and tenth-grade MAP Test scores, 
not Math Recovery; hence, the need for the covariate, eighth-grade MAP scores. 
 The treatment variable, Math Recovery, is a nominal variable with Math 
Recovery coded with ―1‖ and non-Math Recovery coded with ―0.‖  The covariate, eighth-
grade MAP scores, is a quantitative variable.   
Moderating Variables 
 
The researcher is interested whether or not Math Recovery affects students 
differently by gender and race.  Therefore, in this study, there are two moderating 
variables:  gender and race.  Table 4 summarizes the variable distribution to be used with 
the ANCOVA statistical procedure.   
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Table 4 Variable Assignment 
Variable Name  Grade Collected Type of Variable 
Grade 8:  MAP  
Score 
 
Covariate 8
th
 Quantitative 
Grade9:  Grade in  
Alg/Geom I 
Response 9
th
 Quantitative  
 
MathRec Treatment 9
th
 Nominal 
Gender Moderator 8
th
 Nominal 
Race Moderator 8
th
 Nominal 
MAP10 Response 10
th
 Quantitative 
 
 
 
Data Analysis 
 
 For this study, an ANCOVA procedure will be conducted to determine if a 
difference in means (grades and tenth-grade MAP scores) exist between the two groups, 
Algebra/Geometry I with Math Recovery and Algebra/Geometry I without Math 
Recovery.  Because the design of this study is built upon groups that existed prior to 
onset of the research study, the researcher is unable to control for group assignment with 
respect to initial differences in aptitude between the control (non-Math Recovery) and 
treatment group (Math-Recovery); there was no random assignment of the students.  This 
is the rationale for using the baseline data, eighth-grade MAP scores.  Therefore, the 
researcher is interested in whether or not the students’ ability/intelligence measured by 
eighth-grade MAP scores (covariate) is a determining factor for the difference in means 
of grades assigned to students in Algebra/Geometry I instead of the treatment, Math 
Recovery.  Likewise, the researcher will use the same covariate to investigate the 
difference between means in the students’ tenth-grade MAP scores. 
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Once the initial differences are controlled, the first hypotheses can be tested:  
Students enrolled in Math Recovery will perform differently from (as measured by ninth-
grade Algebra/Geometry grades) students not enrolled in Math Recovery.  The covariate 
will be the student’s eighth-grade MAP scores, the treatment variable will be Math 
Recovery or non-Math Recovery, and the response will be the student’s semester grade in 
Algebra/Geometry I.   
Similarly, the ANCOVA procedure will be applied in order to test the second 
hypothesis:  Students enrolled in Math Recovery will perform differently from (as 
measured by tenth-grade MAP scores) students not enrolled in Math Recovery.  The 
covariate will be the student’s eighth-grade MAP scores, the treatment variable will be 
Math Recovery or non-Math Recovery, and the response will be the student’s tenth-grade 
MAP scores. 
Next, a two-way ANCOVA procedure will be applied to test the third and fourth 
hypotheses:  (1) there is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to gender; and (2) there 
is a difference in achievement (as measured by ninth-grade Algebra/Geometry grades) 
between the two groups with respect to race.  The covariate again will be the student’s 
eighth-grade MAP scores, the treatment variable will be Math Recovery or non-Math 
Recovery, the moderating variables are the gender and race of the students, and the 
response variable will be the student’s semester grade assigned in the Algebra/Geometry 
I course. 
With the fifth and sixth hypotheses, a two-way ANCOVA procedure will be 
applied:  (1) there is a difference in achievement (as measured by tenth-grade MAP 
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scores) between the two groups with respect to gender; and (2) there is a difference in 
achievement (as measured by tenth-grade MAP scores) between the two groups with 
respect to race.  Once again, the covariate will be the student’s eighth-grade MAP scores, 
the treatment variable will be Math Recovery or non-Math Recovery, the moderating 
variables are the gender and race of the students, and the response variable will be the 
students’ tenth-grade MAP scores. 
Before the ANCOVA procedure, the assumptions of the ANCOVA procedure 
must be met prior to implementing the procedure.  The assumptions include 
1.  Normality of the populations from which the samples are drawn; 
2.  Independence of the samples from which the data are obtained; 
3.  Homogeneity of population variances; 
4.  A linear relationship between the dependent variable and the covariates; 
5.  Homogeneity of the regression slopes; and 
6.  The covariate is measured without error.   
The first five of the six assumptions can be tested in SAS prior to the usage of the 
ANCOVA procedure.  The sixth assumption, the covariate is measured without error, 
must rely on the reliability and validity assumption of the MAP test, which have both 
been addressed earlier in the study.   
Ethical Issues 
 
 Using anonymous archival data bypasses the issue of potentially infringing on the 
rights of human subjects.  Therefore, there are no safeguards needed to protect the 
students’ privacy.  In addition, there are no physical risks to human subjects.  By 
requesting anonymous data of students, the confidentiality of students cannot be violated.   
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 The results of the study will be provided to the district officials from whom 
permission was granted regarding the data.  In addition to these district officials, copies 
of the study will be provided to the high school principals as they offer Math Recovery in 
their respective schools at great expense.   
 The researcher will maintain the anonymous data on an external USB flash drive 
for the period of time during the study as well as a set period of five years after the study 
is complete.  The USB drive will be password-protected and kept in secure location until 
its destruction. 
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CHAPTER 4 
 
RESULTS 
Introduction 
 
 The purpose of this study was to determine the effectiveness of a course titled 
Math Recovery offered to incoming freshmen at a large suburban school district.  In this 
semi-diverse school district, low performing mathematics students in three high schools 
are offered a mathematics course, Math Recovery, for elective credit designed to improve 
their mathematics skills.  These low-performing students enrolled in Math Recovery were 
simultaneously enrolled in a freshman level mathematics course, Algebra/Geometry I.  
The researcher asked for and was granted permission from officials of the school district 
to access archival data stored in district databases.   
Data Collected 
Besides collecting common demographic information (school attended, gender, 
race, special education status, and enrollment status) on the students enrolled in their 
ninth-grade Algebra/Geometry I in 2007, the researcher was given access to the students’ 
eighth- and tenth-grade Missouri Assessment Program (MAP) scores for years 2006 and 
2008, respectively.  In the State of Missouri, the MAP test is administered to all students 
in the eighth- and tenth-grade.  In addition, the students’ enrollment status (yes or no) in 
Math Recovery was secured; this information allowed the researcher to determine what 
student data were missing.  The achievement level of these students in Algebra/Geometry 
I and tenth-grade MAP scores were examined in order to determine the effectiveness of 
the Math Recovery course.  
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Table 5 illustrates the gender, race, and school assignment for the students 
enrolled in Algebra/Geometry I in the 06-07 school year.   
 
 
Table 5 Demographic Information for Students by Math Recovery Enrollment 
 Math Recovery 
Students   
(47 Total) 
Non-Math 
Recovery Students 
(167 Total) 
Totals 
Females 19 76 95 
Males 28 91 119 
School A  17 48 65 
School B 18 58 76 
School C 12 61 73 
Asian/Pacific Islander 3 5 8 
Black 19 47 66 
Hispanic 0 11 11 
Indian 0 1 1 
White 25 103 
 
128 
Special Education 1 5 6 
 
 
 
The table shows a total of 214 students, 167 students in the Non-Math Recovery group 
and 47 students in the Math Recovery group.  Only the race categories collected by the 
school district under review are included. This school distinct does not allow for a multi-
racial category.   
However, for the hypotheses tested, fewer students were included in the data 
analysis as there were incomplete data sets for certain students.  In this study, the 
students’ eighth-grade MAP exam scores were used as a covariate.  By using the eighth-
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grade MAP exam scores as a covariate, the variance the covariate causes would be 
removed.  As the researcher examined the data, only 184 students had an eighth-grade 
MAP exam score.  This number of students was slightly lower than the 214 students 
mentioned earlier.  These 30 students were eliminated from the study, and this 30-student  
difference can be explained easily; those 30 students were not enrolled in the school 
district during 2006, the school year they were eighth-graders.   The 184 student 
population was further reduced to 152 as 32 students did not have tenth-grade MAP 
scores.  As before, these 32 students were not enrolled in this particular school district 
during their tenth-grade year; they had left the school district.  The data that were 
examined are outlined in the following table 6.   
 
 
Table 6 Demographic Information Revised for Students by Math Recovery Enrollment 
 Math Recovery 
Students 
(32 Total) 
Non-Math 
Recovery Students 
(150 Total) 
Total 
Students 
Females 14 58 72 
Males 18 62 80 
School A 13 34 47 
School B 9 45 54 
School C 10 41 51 
Asian/Pacific Islander 2 4 6 
Black 9 30 39 
Hispanic 0 7 7 
Indian 0 1 1 
White 21 78 99 
Special Education 1 5 6 
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Table 6 shows a total number of 32 students in the Math Recovery group and 120 
students in the Non-Math Recovery group with the breakout of these students by school 
attended and race.  By eliminating the population of students to 152 students, there was a 
32 percent decrease in Math Recovery participants and a 28 percent decrease in Non-
Math Recovery participants.  Furthermore, the overall African-American population 
decreased twice as much as the white population with decrease of 41 and 22 percent, 
respectively.   
As presented, there exist fewer students in the Math Recovery group than the 
Non-Math Recovery group.  This discrepancy does not surprise the researcher as the 
Math Recovery course was designed as a remedial course for those students who were 
low-achieving students as they entered high school.  The numbers of male and females 
students were close in number within each group as well as the number of students at the 
three schools.  However, there was a larger discrepancy in numbers in the race of 
students within each group.  For instance, there were a little over two and one-half times 
as many white students as there were black students in the study.  This again did not 
surprise the researcher as the district has a majority of white students.   
 Next a chi-square analysis was performed to determine if a significant 
relationship existed between gender and enrollment status in Math Recovery.  The results 
from this chi-square test in Table 7 indicted there was no significant relationship (2(1) = 
.213, p= .645 > .05). 
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Table 7 Chi-Square Analysis of Gender by Math Recovery Enrollment 
Statistic Value df  Prob 
Chi-Square .213 1 .645 
Continuity Correction .069 1 .793 
Likelihood Ratio .213 1 .644 
Sample Size        152   
 
 
 Next a chi-square analysis was performed to determine if a significant 
relationship existed between race, non-white/white, and enrollment status in Math 
Recovery.  The results from this chi-square test in Table 8 indicted there was no 
significant relationship (2(1) = .004, p= .947> .05). 
 
Table 8 Chi-Square Analysis of Race by Math Recovery Enrollment 
Statistic Value df  Prob 
Chi-Square .004 1 .947 
Continuity Correction .000 1 1.000 
Likelihood Ratio .004 1 .947 
Sample Size        152   
 
 
Table 9, table 11, and table 13 report the means and standard deviations for the 
05-06 MAP scores, 06-07 Algebra/Geometry I grades, and 07-08 MAP scores, 
respectively.  Following each of the three tables, a t-test reports the equality of means for 
each of the sets of data by Math Recovery enrollment.  
  
 
5
7 
Table 9 Mean and Standard Deviation of Students' 05-06 MAP Scores by Math Recovery Enrollment 
Enrollment status  Male Female Asian/Pacific 
Islander 
Black Hispanic Indian White 
 
 
Math 
Recovery 
N 
 
Mean 
18 
 
677.77 
14 
 
681.57 
2 
 
695.00 
9 
 
674.22 
0 
 
 
0 
 
 
21 
 
679.67 
Students 
 
   Standard 
Deviation 
19.71 15.31 12.73 
 
15.37  
 
 
 
18.74 
 
Non-Math 
N 62 58 4 30 7 1 78 
Recovery 
Students       
Mean 696.11 686.22 682.00 679.17 682.71 689 697.29 
 Standard    
Deviation 
21.51 20.67 40.31 20.13 12.11  19.71 
 
 
Table 10 T-Test for Equality of Means for 05-06 MAP Scores by Math Recovery Enrollment 
Statistic T df  Significance (2-tailed) 
Equal Variances 2.948 150.000 .004 
Non-Equal Variances 3.298 57.845 .002 
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Table 11 Mean and Standard Deviation of Students' 06-07 Grades on an 11-point Scale by Math Recovery Enrollment 
Enrollment status  Male Female Asian/Pacific 
Islander 
Black Hispanic Indian White 
 
 
Math 
Recovery 
N 
 
Mean 
18 
 
4.50 
14 
 
4.79 
2 
 
6.50 
9 
 
4.68 
0 
 
 
0 
 
 
21 
 
4.43 
Students 
 
   Standard 
Deviation 
3.35      2.64 7.78 
 
     3.78  
 
 
 
     2.23 
 
Non-Math 
N 62 58 4 30 7 1 78 
Recovery 
Students       
Mean 4.82 4.90 7.50 3.83 4.57 3.00 5.17 
 Standard    
Deviation 
3.11 3.40 3.11 2.52 3.10  3.43 
 
 
Table 12 T-Test for Equality of Means for 06-07 Grades by Math Recovery Enrollment 
Statistic T df  Significance (2-tailed) 
Equal Variances .367 150.000 .714 
Non-Equal Variances .383 51.767 .703 
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Table 13 Mean and Standard Deviation of Students' 07-08 MAP Scores Math Recovery Enrollment 
Enrollment status  Male Female Asian/Pacific 
Islander 
Black Hispanic Indian White 
 
 
Math 
Recovery 
N 
 
Mean 
18 
 
701.39 
14 
 
703.00 
2 
 
709.00 
9 
 
706.44 
0 
 
 
0 
 
 
21 
 
699.57 
Students 
 
   Standard 
Deviation 
  30.82      31.77 36.77 
 
     26.39  
 
 
 
33.14 
 
Non-Math 
N 62 58 4 30 7 1 78 
Recovery 
Students       
Mean 717.47 713.78 724.50 705.03 705.29 670.00 720.85 
 Standard    
Deviation 
32.36 28.36 34.54 29.02 13.55  30.66 
 
 
Table 14 T-Test for Equality of Means for 07-08 MAP Scores by Math Recovery Enrollment 
Statistic T df  Significance (2-tailed) 
Equal Variances 2.240 150.000 .027 
Non-Equal Variances 2.227 48.448 .031 
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From table 9, the researcher found the mean of the eighth-grade MAP scores for 
females enrolled and not enrolled in Math Recovery to be 681.57 and 686.22, 
respectively, a difference of only 4.65.  Similarly, the mean for the eighth-grade MAP 
scores for black students enrolled and not enrolled in Math Recovery to be 674.22 and 
679.17, respectively, a difference of only 4.95.  From table 10, a two sample t-test was 
applied to evaluate the difference of means of the 05-06 MAP scores in the two groups, 
Math Recovery and non-Math Recovery.  The results found from this test, T(150) = 
2.948, p = .004.  Based upon these findings, the means of the treatment and non-treatment 
group were significantly different; thus, supporting the district’s decision to intervene 
with the additional, supportive course. 
From table 11, the mean 06-07 Algebra/Geometry course grades were lower for 
the Math Recovery students by groups of male, female, Asian, and white when compared 
to their Non-Math Recovery counterparts.   However, the black, Math Recovery students 
had higher group mean than their Non-Math Recovery counterparts.  However, from 
table 12, a simple t-test was applied to evaluate the difference of means of the 06-07 
grades by Math Recovery enrollment.  The results found from this test, T(150) = 1.063, p 
= .289.  Based upon this t-test, the means of the grades by enrollment status do not appear 
to be significantly different.   
In table 13, means of the 07-08 MAP scores appear to be closely aligned for 
males and females in each group.  However, the means appear to be higher in the non-
math recovery group.  The results from the t-test found in table 14, T(150) = 2.240, p = 
.027.  This indicates the means of the 07-08 MAP scores by enrollment status appear to 
be significantly different. 
 61 
 
Data Analysis 
 
The basic purpose of the research was to determine if the differences in student 
grades (Algebra/Geometry I) and tenth-grade MAP scores were significant based upon 
the student enrollment status in Math Recovery.  The following hypotheses were tested:   
1. Students enrolled in Math Recovery will perform differently from (as 
measured by ninth-grade Algebra/Geometry grades) students not enrolled in 
Math Recovery. 
2. Students enrolled in Math Recovery will perform differently from (as 
measured by tenth-grade MAP scores) students not enrolled in Math 
Recovery. 
3. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to gender.   
4. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to race.    
5. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to gender.   
6. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to race.   
With the first three hypotheses, the researcher conducted an analysis of covariance 
(ANCOVA) procedure setting the fixed variable as the students’ status in Math 
Recovery, the 05-06 (eighth-grade) MAP Exam score as the covariate, and the student’s 
second semester grade in (ninth-grade) Algebra/Geometry I as the dependent variable.  
With the last set of three hypotheses, instead of the grade earned in Algebra/Geometry I 
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as the dependent variable the student’s 07-08 (tenth-grade) MAP score was set as the 
dependent variable.  The ANCOVA procedure was used to determine if a difference 
existed in the mean values of students’ ninth-grade Algebra/Geometry I grades or tenth-
grade MAP scores (dependent variables) while at the same time understanding the 
influence of the students’ 05-06 (eighth-grade) MAP scores (independent variable).   
The Effects of Math Recovery on the Students’ Algebra/Geometry I Grades 
 
An ANCOVA was used to address the first hypothesis:  students enrolled in Math 
Recovery will perform differently (as measured by ninth-grade Algebra/Geometry 
grades) students not enrolled in Math Recovery.  Table 15 illustrates the mean and 
standard deviation for the students’ grades by enrollment status in Math Recovery.  As 
seen in the table, students not enrolled in the Math Recovery course did slightly better 
than the students enrolled in Math Recovery.  Grades were assigned a number, where an 
―A‖ received an ―11‖ and a ―F‖ received an ―1.‖ 
 
Table 15 Distribution of 06-07 Grades by Math Recovery Enrollment 
 
 
The researcher first tested the assumptions of the ANCOVA prior to testing the 
hypothesis.  The test for normality of the dependent variable, 06-07 (ninth-grade) grades, 
 Math Recovery  Non-Math Recovery 
Mean 4.625   
 
4.858  
Standard 
Deviation 
3.013   3.239   
       
N 32   120  
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was the first assumption addressed.  The researcher viewed the skewness and kurtosois 
shown in table 16. 
 
Table 16 Normality of the 06-07 Grades by Math Recovery Enrollment 
 Math Recovery  Non-Math Recovery  
 Skewness Kurtosis  Skewness Kurtosis  
Statistic .657 .158  .419 -.934  
       
Standard 
Error 
 
.414 
 
.809 
  
.221 
 
.438 
 
       
Critical 
Ratio 
 
1.587 
 
.195 
  
1.896 
 
2.132 
 
 
 
 
For the Math Recovery grades, the critical ratio for skewness was 1.587 which was less 
than 3.000 and the critical ratio for kurtosis was .195 which was less than 10.000.  For the 
Non-Math Recovery grades, the critical ratio for skewness was 1.896 which was less than 
3.000 and the critical ratio for kurtosis was 2.132 which was less than 10.000.  Therefore, 
the researcher determined the 06-07 (ninth-grade) Algebra/Geometry I grades were 
normally distributed. 
 Next, the researcher investigated the homogeneity of population variances.  Using 
Levene’s test in SPSS, the researcher found the following. 
 
 
Table 17 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 06-07 Grades 
F df1 df2 Sig 
.623 1 150 .431 
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From the SPSS output, the researcher found there was homogeneity of population 
variances F(1, 150) = .623, p = .431, p > .05). 
 The last assumption tested was the homogeneity of the regression slopes.   
 
 
Table 18 Tests of Between-Subjects Effects with 05-06 MAP Scores, Independent 
Variable, and 06-07 Grades, Dependent Variable, by Math Recovery Enrollment 
Source Type III Sum  
of Squares 
df Mean 
Square 
F Sig 
Corrected Model 
 
Math Recovery 
 
05-06 MAP  
 
Math Recovery* 
05-06 MAP  
63.864
a 
 
11.982 
 
7.122 
 
 
11.892 
3 
 
1 
 
1 
 
 
1 
21.288 
 
11.982 
 
7.122 
 
 
11.892 
2.147 
 
1..208 
 
.718 
 
 
1.199 
.097 
 
.273 
 
.398 
 
 
.275 
a. R
2
 = .042 (Adjusted R
2
 = .022) 
 
From the SPSS output in table 18, the researcher confirmed there was homogeneity of the 
regression slopes (p = .275, p > .05). 
 Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate used in the 
ANCOVA procedure.  The results follow in table 19.   
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Table 19 ANOVA with Math Recovery, Fixed, and 06-07 Grades, Dependent 
Source Type III Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Error 
 
Total 
 
Corrected Error 
1.375
 
 
1.375 
 
1530.092 
 
5047.000 
 
1531.467 
1 
 
1 
 
150 
 
152 
 
151 
.135 
 
.135 
 
 
 
 
 
 
.714 
 
.714 
 
 
 
 
.065 
 
.065 
 
 
 
 
a.  R
2
 = .001 (Adjusted R
2
 = -.006) 
 
As the assumptions for the ANCOVA were met, the researcher focused on the 
first hypothesis, ―students enrolled in Math Recovery will perform differently from (as 
measured by ninth-grade Algebra/Geometry grades) students not enrolled in Math 
Recovery.‖  In order to determine the effectiveness of the Math Recovery Course as 
measured by the students’ ninth-grade Algebra/Geometry I grades, the researcher 
conducted an analysis of covariance in which the eighth-grade MAP scores were the 
covariate, the Math Recovery enrollment status of the students was the fixed variable, 
and the grades earned in Algebra/Geometry I determined the dependent variable.  The 
output from the SPSS ANCOVA procedure is summarized in the following table.   
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Table 20 ANCOVA Test with Math Recovery, Fixed, 05-06 MAP Scores, Covariate, and 
06-07 Grades, Dependent Variable 
a.  R
2
 = .034 (Adjusted R
2
 = .021) 
 
 
 
The researcher found the significance of the analysis to be F(1, 149) = .03, p = .87, p > 
.05.  This value was found to be much greater than p-value set at .05.  Therefore, the 
Algebra/Geometry I grades of the students enrolled in Math Recovery were not found to 
be significantly different from those grades of the students not enrolled in Math Recovery 
after adjusting for their initial achievement on the eighth-grade MAP test.   
 When comparing the results from table 19 (ANOVA) and table 20 (ANCOVA), 
the results show the amount of variation that had been accounted for had increased from 
1.375 units to 51.973 units when the covariate was used.  The significance increased from 
.714 to .868. 
 
 
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig Partial 
Eta 
Squared 
Observe 
Power 
Corrected Model 51.97
a
 2 25.99 2.62 .08 .03 .52 
 
Intercept 28.53 1 28.53 2.87 .09 .02 .39 
 
MAPScaled05-06 50.60 1 50.60 5.10 .03 .03 .61 
 
MATHRECOVERY .28 1 .28 .03 .87 .00 .05 
 
Error 1479.50 149 9.93  
 
   
Total 5047.00 152  
 
    
Corrected Total 1531.47 151      
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The Effects of Math Recovery on Students’ Algebra/Geometry I Grades by Gender 
 
Next, the ANCOVA procedure was applied to test the second hypothesis:  ―there 
is a difference in achievement (as measured by ninth-grade Algebra/Geometry grades) 
between the two groups with respect to gender.‖  The covariate again was the students’ 
eighth-grade MAP scores, the treatment variable was the students’ status in Math 
Recovery, the moderating variable was the gender of the students, and the response 
variable was the student’s semester grade assigned in the Algebra/Geometry I course. 
Table 21showed the mean and standard deviation for student grades by gender 
and enrollment status in Math Recovery.  As seen in the table, both male and female 
students not enrolled in the Math Recovery course did slightly better than the students 
enrolled in Math Recovery.   
 
Table 21 Distribution of 06-07 Grades by Gender and Math Recovery Enrollment 
 Math Recovery  Non-Math Recovery  
 Female Male  Female Male  
Mean 4.786 4.5000  4.897 4.823  
       
Standard 
Deviation 
 
2.636 
 
3.348 
  
3.401 
 
3.401 
 
       
N 14 18  58 62  
 
 
As before, the researcher tested the ANCOVA assumptions prior to continuing 
with the procedure.  The test for normality of the covariate, 06-07 grades by gender, was 
the first assumption addressed.  The researcher used the Kolmogrov-Smirnov test with 
the results in table 22. 
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Table 22 Normality of the 06-07 Grades by Math Recovery Enrollment and Gender 
 Math Recovery Non-Math Recovery  
 Female Male  Female Male  
 Skew Kurt 
 
Skew Kurt 
 
 Skew Kurt 
 
Skew Kurt 
Statistic .417 .068 .820 .335 .419 .957  .422  .923 
           
Standard 
Error 
 
.579 
 
1.154 
 
.536 
 
1.038 
 
.314 
 
.618 
  
.304 
  
.599 
           
Critical 
Ratio 
.720 .059 1.530 .323 1.334 1.549  1.388  1.541 
 
 
From table 22, the critical ratios for all skewness categories were less than 3.  Likewise, 
the critical ratios for all kurtosis categories were less than 10.  Therefore, the researcher 
determined the 06-07 (ninth-grade) Algebra/Geometry I grades distributed by enrollment 
in Math Recovery and gender were normally distributed. 
Next the researcher investigated the homogeneity of population variances.  Using 
Levene’s test in SPSS, the researcher found the following. 
 
Table 23 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 06-07 Grades, by Gender 
F df1 df2 Sig 
.997 3 148 .396 
 
 
 
From the SPSS output, the researcher found there was homogeneity of population 
variances (F(3, 148) = .997, p = .396, p > .05). 
 The last assumption tested was the homogeneity of the regression slopes.   
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Table 24 Tests of Between-Subjects with 05-06 MAP Scores, Independent Variable, and 
06-07 Grades, Dependent Variable, by Math Recovery Enrollment and Gender 
Source Type III 
Sum  
of Squares 
df Mean 
Square 
F Sig 
Corrected Model 
 
Math Recovery 
 
Gender 
 
05-06 MAP 
Scores 
 
Math 
Recovery*05-06 
MAP 
 
Gender*05-06 
MAP 
 
Math 
Recovery*Gender 
 
Math Recovery* 
05-06 
MAP*Gender 
79.224
a 
 
11.594 
 
2.432 
 
8.044 
 
 
11.561 
 
 
 
2.534 
 
 
.439 
 
 
.428 
7 
 
1 
 
1 
 
1 
 
 
1 
 
 
 
1 
 
 
1 
 
 
1 
11.318 
 
11.594 
 
2.432 
 
8.044 
 
 
11.561 
 
 
 
2.534 
 
 
.439 
 
 
.428 
1.122 
 
1.150 
 
.241 
 
.798 
 
 
1.146 
 
 
 
.251 
 
 
.044 
 
 
.042 
.352 
 
.285 
 
.624 
 
.373 
 
 
.286 
 
 
 
.617 
 
 
.835 
 
 
.837 
 
 
a. R
2
 = .052 (Adjusted R
2
 = .006) 
 
From the SPSS output, the researcher found there was homogeneity of the regression 
slopes (p = .837, p > .05).   
 Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate used in the 
ANCOVA procedure.  The results follow in table 25.   
 
 
 70 
 
Table 25 ANOVA with Math Recovery and Gender, Fixed, and 06-07 Grades, Dependent  
Source Type III 
Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Gender 
 
Math Recovery* 
Gender 
 
Error 
 
Total 
 
Corrected Error  
2.182
a 
 
1.171 
 
.807 
 
.280 
 
 
1529.285 
 
5047.000 
 
1531.467 
3 
 
1 
 
1 
 
1 
 
 
148 
 
152 
 
151 
.070 
 
.113 
 
.078 
 
.027 
 
 
.976 
 
.737 
 
.780 
 
.870 
.062 
 
.063 
 
.059 
 
.053 
 
 
a.  R
2
 = .001 (Adjusted R
2
 = -.019) 
 
Once the assumptions for the ANCOVA were tested, the researcher performed the 
procedure and the results are provided in the following table.   
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Table 26 ANCOVA Test with Math Recovery Enrollment, Fixed, 05-06 MAP Scores, 
Covariate, and 06-07 Grades, Dependent, by Gender 
a. R
2
 = .037 (Adjusted R
2
 = .010) 
 
 
There was not a significant difference in achievement as measured by Algebra/Geometry 
I grades between Math Recovery and Non-Math Recovery students with respect to 
gender, F(1, 147) = .026, p = .871, p > .05.   
When comparing the results from table 25 (ANOVA) and table 26 (ANCOVA), 
the results showed the amount of variation that had been accounted for had increased 
from 2.182 units to 55.990 units when the covariate was used.  The significance did not 
increase. 
 
 
 
 
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig. Partial 
Eta 
Squared 
Observed 
Power 
Corrected Model 55.990
a
 4 13.998 1.395 .239 .037 .426 
 
Intercept 31.384 1 31.384 3.127 .079 .021 .420 
 
MAPScaled05-06 53.808 1 53.808 5.361 .022 .035 .633 
 
MATHRECOVERY .401 1 .401 .040 .842 .000 .055 
 
GENDER 1.687 1 1.687 .168 .682 .001 .069 
 
MATHRECOVERY 
* GENDER 
 
.266 1 .266 .026 .871 .001 .053 
Error 
 
Total 
 
Corrected Total 
1475.477 
 
5047.000 
 
1531.467 
147 
 
152 
 
151 
10.037 
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The Effects of Math Recovery on Students’ Algebra/Geometry I Grades by Race 
 
 Next, the third research hypothesis was investigated:  ―there is a difference in 
achievement (as measured by ninth-grade Algebra/Geometry scores) between the two 
groups with respect to race.‖ 
 Table 27 shows the grade distribution by race and enrollment status in Math 
Recovery.  For the purposes of this specific study, the researcher divided the students into 
two categories based upon race, minority and white.  In the minority category, students of 
the Asian, African-American, Hispanic, and Indian races were grouped together.  In this 
particular school district, there existed few, non-black minority students.   
 
 
Table 27 Distribution of 06-07 Grades by Race and Math Recovery Enrollment 
 Math Recovery  Non-Math Recovery  
 Minority White  Minority White  
Mean 5.000 4.429  4.286 5.167  
       
Standard 
Deviation 
4.243 2.226  2.796 3.432  
       
N 11 21  42 78  
 
 
There appears to be a larger difference in the means of grades by race than by gender.  In 
fact from the table, the mean grades for Math Recovery minority students were higher 
than the mean grades for the Non-Math Recovery minority students.  This would suggest 
that the treatment, Math Recovery was especially beneficial to the minority students.  
However, an ANCOVA procedure was used to determine if the difference was 
significant.   
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 Prior to the ANCOVA procedure being employed, the researcher tested the 
assumptions.   The normality of the 06-07 (ninth-grade) grades by race was first 
examined with the result in table 28. 
 
 
Table 28 Normality of the 06-07 Grades by Math Recovery Enrollment and Race 
 Math Recovery Non-Math Recovery  
 Minority White  Minority White  
 Skew Kurt 
 
Skew Kurt 
 
 Skew Kurt 
 
Skew Kurt 
Statistic .672 1.131 .211 .460 .612 .178  .284  1.191 
           
Standard 
Error 
.661 1.279 .501 .972 .365 .717  .272  538 
           
Critical 
Ratio 
1.017 .884 .421 .473 1.677 .248  1.044  2.214 
 
 
 
From table 28, the critical ratios for all skewness categories were less than 3.  Likewise, 
the critical ratios for all kurtosis categories were less than 10.  Therefore, the researcher 
determined the 06-07 (ninth-grade) Algebra/Geometry I grades distributed by enrollment 
in Math Recovery and minority were normally distributed. 
Next, a Levene’s procedure was conducted to determine the homogeneity of the 
06-07 grades by race. 
 
Table 29 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 06-07 Grades, by Race 
F df1 df2 Sig 
3.758 3 148 .12 
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From the SPSS output, the researcher found there was homogeneity of population 
variances (F(3, 148) = 3.758, p = .12, p > .05). 
The last assumption tested was the homogeneity of the regression slopes.   
 
 
Table 30 Tests Between-Subjects Effects with 05-06 MAP Scores, Independent Variable, 
and 06-07 Grades, Dependent Variable, by Math Recovery Enrollment and Race 
Source Type III 
Sum  
of Squares 
df Mean 
Square 
F Sig 
Corrected Model 
 
Math Recovery 
 
Race 
 
05-06 MAP 
Scores 
 
Math 
Recovery*05-06 
MAP 
 
Race*05-06 
MAP 
 
Math 
Recovery*Race 
 
Math Recovery* 
Race*05-06 
MAP 
95.207
a 
 
.551 
 
13.317 
 
15.499 
 
 
.486 
 
 
 
13.527 
 
 
25.352 
 
 
25.944 
7 
 
1 
 
1 
 
1 
 
 
1 
 
 
 
1 
 
 
1 
 
 
1 
13.601 
 
8.006 
 
13.317 
 
15.499 
 
 
.486 
 
 
 
13.527 
 
 
25.352 
 
 
25.944 
1.364 
 
.803 
 
1.335 
 
1.554 
 
 
.049 
 
 
 
1.356 
 
 
2.542 
 
 
2.601 
.225 
 
.372 
 
.250 
 
.215 
 
 
.826 
 
 
 
.246 
 
 
.113 
 
 
.109 
a. R
2
 = .062 (Adjusted R
2
 = .017) 
 
From the SPSS output, the researcher found there was homogeneity of the regression 
slopes (p = .109, p > .05).   
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Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate used with race in 
the ANCOVA procedure.  The results follow in table 31.   
Table 31 ANOVA with Math Recovery and Race, Fixed, and 06-07 Grades, Dependent 
Source Type III 
Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Race 
 
Math Recovery* 
Race 
 
Error 
 
Total 
 
Corrected Error  
24.919
a 
 
.003 
 
.547 
 
12.043 
 
 
1506.548 
 
5047.000 
 
1531.467 
3 
 
1 
 
1 
 
1 
 
 
148 
 
152 
 
151 
.816 
 
.000 
 
.054 
 
1.183 
 
 
.487 
 
.986 
 
.817 
 
.279 
.223 
 
.050 
 
.056 
 
.191 
 
 
a.  R
2
 = .016 (Adjusted R
2
 = -.004) 
 
 
 
 Once all three ANCOVA assumptions were addressed, the researcher performed 
the ANCOVA procedure with 05-06 (eighth-grade) MAP scores as the independent 
variable, 06-07 (ninth-grade) grades as the dependent variable, Math Recovery as the 
fixed variable, and race as the moderating variable.  Table 32 provides the outcome of 
this procedure. 
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Table 32 ANCOVA Test with Math Recovery Enrollment, Fixed, 05-06 MAP Scores, 
Covariate, and 06-07 Grades, Dependent, by Race 
a. R
2
 = .039 (Adjusted R
2
 = .013) 
 
There was not a significant difference in achievement as measured by Algebra/Geometry 
I grades between Math Recovery and Non-Math Recovery students with respect to race, 
F(1, 147) = .642, p = .424, p > .05.   
When comparing the results from table 31 (ANOVA) and table 32 (ANCOVA), 
the results showed the amount of variation that had been accounted for had increased 
from 24.919 units to 59.823 units when the covariate was used with race.  The 
significance increased from .279 to .424.   
Next, a hierarchical linear regression table shows the five blocks with the 
independent variables added to the model progressively in order of importance to the 
study.  The percent of variability in the dependent variable, 06-07 grades, that can be 
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig. Partial 
Eta 
Squared 
Observed 
Power 
Corrected Model 59.823
a
 4 14.956 1.494 .207 .037 .455 
 
Intercept 18.077 1 18.077 1.806 .181 .181 .266 
 
MAP Scaled 05-06 34.903 1 34.903 3.486 .064 .064 .458 
 
MATHRECOVERY 1.197 1 1.197 .120 .730 .120 .064 
 
Race .127 1 .127 .013 .910 .910 .051 
 
MATHRECOVERY 
* Race 
6.426 1 6.426 .642 .424 .001 .125 
 
 
Error 
 
Total  
 
Corrected Total 
 
1471.644 
 
5047.000 
 
1531.467 
 
147 
 
152 
 
151 
 
10.037 
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accounted for by the independent variables is shown in the change of R
2
 from block to 
block.   
  
 
7
8 
 
Table 33  Hierarchical Linear Regression of 06-07 Grades (N = 152) 
Variable Block 1 
B(SE) 
β 
 
Block 2 
B(SE) 
β 
 
Block 3 
B(SE) 
β Block 4 
B(SE) 
β Block 5 
B(SE) 
β 
 
(Constant) 4.522(.494)  4.566(.511)  -14.063(8.980)  -24.132(16.979)  -15.270(19.125)  
Gender -.203(.523) -.032 -.196(.525) -.031 -.339(.524) -.053 19.215(19.544) 3.023 -11.930(33.372) -1.877 
Race .605(.548) .091 .605(.550) .091 .247(.571) .037 -5.770(20.193) -.866 -23.510(28.419) -3.530 
Math Recovery   -.228 (.637) -.029 .116(.652) .015 24.435(25.028) 3.138 19.271(45.950) 2.475 
05-06 MAP     .027(.013) .184 .042 (.025) .281 .029(.028) .191 
Gender*Race       -.189(1.228) -.029 42.000(41.312) 6.406 
Gender*MR       -.213 (1.378) -.022 5.094(55.440) .519 
Gender*MAP       -.028(.029) -3.096 .018(.049) 1.990 
Race*MR       -1.195(1.467) -.130 -3.793(2.470) -.412 
MR*MAP       -.035(.037) -3.012 -.024(.068) -2.097 
Race*MAP       .009 (.029) .967 .036(.041) 3.720 
Gender*Race*MR         4.264(3.106) .333 
Gender*Race*MAP         -.063(.060) -6.706 
Gender*MR*MAP         -.012(.082) .850 
           
R2 
 
F(df1, df2) 
.008 
 
.637(2, 149) 
 .009 
 
.465(3, 148) 
 .038 
 
1.436(4, 147) 
 .059 
 
.883(10, 141) 
 .083 
 
.962(13, 138) 
 
Note:  Block 1:  R2  =  .008.  Block 2:  ∆R2  (change from Block 1) =  .001.  Block 3:  ∆R2  (change from Block 2) =  .029.  Block 4:  ∆R2  (change from Block 3) =  .021.  Block 5:  ∆R2  
(change from Block 4) =  .024.   
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From the hierarchical regression chart shown in table 33, the largest change in R
2 
happened when the covariate, 05-06 MAP scores, was added to the model.  The R
2
 value 
changed in block 3 from block 2 by .029 and from block 1 by .03.  Math Recovery added 
.1 percent of predictive power to the model while the 05-06 MAP scores added 3 percent 
of predictive power to the model. 
The Effects of Math Recovery on Tenth-Grade MAP Scores 
 
 Having tested the first three hypotheses regarding the students’ 06-07 grades as 
the dependent variable, the researcher next investigated if Math Recovery had an effect 
on the students’ 07-08 (tenth-grade) MAP scores, again using the students’ 05-06 (eighth-
grade) MAP scores as a covariate (independent variable).  The first of these three 
hypotheses was:  ―students enrolled in Math Recovery will perform differently from (as 
measured by tenth-grade MAP scores) students not enrolled in Math Recovery.‖  The 
following table depicts the distributions of tenth-grade MAP scores by Math Recovery 
enrollment status. 
 
 
Table 34 Distribution of 07-08 MAP Scores by Math Recovery Enrollment 
 Math Recovery  Non-Math Recovery 
Mean 702.094 
 
30.730 
 
 
32 
 715.683 
 
30.421 
 
 
120 
  
Standard 
Deviation 
 
  
N  
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Prior to using the ANCOVA procedure, the researcher investigated the normality 
of the tenth-grade MAP scores.  The researcher accessed the Kolmogrov-Smirnov test 
with the results in the following table. 
 
Table 35 Normality of the 07-08 MAP Scores by Math Recovery Enrollment 
Math Recovery Statistic df Sig 
Non-Enrolled 
 
Enrolled 
.052 
 
.130 
120 
 
32 
.200 
 
.182 
 
 
From the SPSS output, the researcher found the distribution of tenth-grade MAP scores 
for Non-Math Recovery and Math Recovery students were normal (D(120) = .052, p = 
.20 p > .05, and D(32) = .130, p = .182, p > .05, respectively.    
 Next the researcher investigated the homogeneity of population variances 
between the eighth- and tenth-grade MAP Scores.  Using Levene’s test in SPSS, the 
researcher found the following.  
 
Table 36 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 07-08 MAP Scores, by Math Recovery Enrollment 
F df1 df2 Sig 
.439 1 150 .509 
 
 
 
From the SPSS output, the researcher found there was homogeneity of population 
variances (F(1, 150) = .439, p = .509, p > .05). 
 The last of three assumptions tested was the homogeneity of the regression slopes.   
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Table 37 Tests Between Subjects with 05-06 MAP Scores, Independent Variable, and 06-
07 MAP Scores, Dependent Variable, by Math Recovery Enrollment 
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig 
Corrected Model 29396.298
a
 3 9798.766 12.645 .000 
 
Math Recovery 32.974 1 32.974 .043 .837 
 
05-06 MAP Scores 11590.835 1 11590.835 14.957 .000 
 
Math Recovery*  
05-06 MAP Scores 
42.999 1 42.999 .055 .814 
a. R
2
 = .204 (Adjusted R
2
 = .188) 
 
From the SPSS output, the researcher found there was homogeneity of the regression 
slopes (p = ..81, p > .05). 
Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate on tenth-grade 
MAP scores used in the ANCOVA procedure.  The results follow in table 38.   
 
Table 38 ANOVA with Math Recovery, Fixed, and 07-08 MAP, Dependent 
Source Type III Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Error 
 
Total 
 
Corrected Error  
4665.519
2 
 
4665.519 
 
139420.685 
 
77377677.000 
 
144086.204 
1 
 
1 
 
150 
 
152 
 
151 
5.020 
 
5.020 
 
 
 
 
.027 
 
.027 
 
 
.605 
 
.605 
 
 
 
 
a.  R
2
 = .032 (Adjusted R
2
 = .026) 
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 Once the assumptions were met, an ANCOVA procedure was performed to 
determine if students enrolled in Math Recovery performed differently from (as measured 
by tenth-grade MAP scores) students not enrolled in Math Recovery.  The procedure 
yielded the following information. 
 
 
Table 39 ANCOVA Test with Math Recovery Enrollment, Fixed, 05-06 MAP Scores, Covariate, 
and 06-07 MAP Scores, Dependent  
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig Partial 
Eta 
Squared 
Observed 
Power 
Corrected Model 29353.30 2 14676.65 19.06 .00 .20 1.00 
        
Intercept 11488.75 1 11488.75 14.92 .00 .09 .97 
 
05-06 MAP  24687.78 1 24687.78 32.06 .00 .18 1.00 
 
Math Recovery 878.16 1 878.16 1.14 .29 .01 .19 
 
Error 114732.10 149 770.02  
 
   
Total 7.738E7 152  
 
    
Corrected Total 144086.20 151      
a. R
2
 = .204 (Adjusted R
2
 = .193) 
 
There was not a significant difference in achievement as measured by tenth-grade MAP 
scores between Math Recovery and Non-Math Recovery students, F(1, 149) = 1.140, p = 
.29, p > .05.   
When comparing the results from table 38 (ANOVA) and table 39 (ANCOVA), 
the results showed the amount of variation that been accounted for had increased from 
4665.52 units to 29,353.30 units when the covariate was used.  The significance 
increased from .03 to .29.   
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The Effects of Math Recovery on Tenth-grade MAP scores by Gender 
 
The fifth hypothesis tested was:  ―there is a difference in achievement (as 
measured by tenth-grade MAP scores) between the two groups with respect to gender.‖  
The following table shows the distribution of tenth-grade MAP scores by enrollment 
status in Math Recovery and gender. 
 
 
Table 40 Distribution of 07-08 MAP Scores by Math Recovery Enrollment and Gender 
 Math Recovery  Non-Math Recovery  
 Female Male  Female Male  
Mean 703.000 701.389  713.776 717.468  
       
Standard 
Deviation 
31.766 30.824  28.359 32.361  
       
N 14 18  58 62  
 
 
 
The first ANCOVA assumption tested was the normality of tenth-grade MAP scores with 
the following results using the Kolmogrov-Smirnov test. 
 
 
Table 41 Normality of the 07-08 MAP Scores by Math Recovery Enrollment and Gender 
Gender Statistic df Sig 
Female 
 
Male 
.061 
 
.041 
72 
 
80 
.200 
 
.200 
 
 
From the SPSS output, the researcher found the distribution of tenth –grade MAP scores 
for female and male students were normal D(72) = .061, p = .20 p > .05, and D(80) = 
.041, p = .200, p > .05, respectively.   
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 Next, the researcher investigated the homogeneity of population variances 
between eighth- and tenth-grade MAP scores.  Using Levene’s test in SPSS, the 
researcher found the following. 
 
 
Table 42 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 07-08 MAP Scores, by Gender 
F df1 df2 Sig 
.231 3 148 .875 
 
 
From the SPSS output, the researcher found there was homogeneity of population 
variances (F(3, 148) = .231, p = .875, p > .05). 
 The last assumption tested was the homogeneity of the regression slopes between 
eighth- and tenth-grade MAP scores.    
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Table 43 Tests of Between-Subjects Effects with 05-06 MAP Scores, Independent 
Variable, and 07-08 MAP Scores, Dependent Variable, by Math Recovery Enrollment 
and Gender 
Source Type III 
Sum  
of Squares 
df Mean 
Square 
F Sig 
Corrected Model 
 
Math Recovery 
 
Gender 
 
05-06 MAP 
 
Math 
Recovery*05-06 
MAP 
 
Gender* 05-06 
MAP 
 
Math 
Recovery*Gender 
 
Math Recovery* 
Gender*05-06 
MAP 
29598.877
a 
 
37.597 
 
.040 
 
10321.290 
 
47.458 
 
 
 
.097 
 
 
.427 
 
 
.191 
7 
 
1 
 
1 
 
1 
 
1 
 
 
 
1 
 
 
1 
 
 
1 
4228.411 
 
37.597 
 
.040 
 
10321.290 
 
47.458 
 
 
 
.097 
 
 
.427 
 
 
.191 
5.318 
 
.047 
 
.000 
 
12.982 
 
.060 
 
 
 
.000 
 
 
.001 
 
 
.000 
.000 
 
.828 
 
.994 
 
.000 
 
.807 
 
 
 
.991 
 
 
.982 
 
 
.988 
a. R
2
 = .205 (Adjusted R
2
 = .167) 
 
From the SPSS output, the researcher found there was homogeneity of the regression 
slopes (p = .988, p > .05).   
Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate used in the 
ANCOVA procedure.  The results follow in table 44.   
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Table 44  ANOVA with Math Recovery and Gender, Fixed, and 07-08 MAP Scores,  
Dependent  
Source Type III Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Gender 
 
Math Recovery* 
Gender 
 
Error 
 
Total 
 
Corrected Error  
5094.404
a 
 
4497.383 
 
27.000 
 
175.372 
 
 
138991.799 
 
77377677.000 
 
144086.204 
3 
 
1 
 
1 
 
1 
 
 
148 
 
152 
 
151 
1.808 
 
4.789 
 
.029 
 
.187 
 
 
.148 
 
.030 
 
.866 
 
.666 
.463 
 
.585 
 
.053 
 
.071 
 
 
a.  R
2
 = .205 (Adjusted R
2
 = .183) 
 
 
 In table 45, the results of an ANCOVA procedure are shown with the 05-06 
(eighth-grade) MAP scores used. 
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Table 45 ANCOVA Test with Math Recovery Enrollment and Gender, Fixed, 05-06 MAP Scores, 
Covariate, and 06-07 MAP Scores, Dependent 
Source Type III Sum 
of Squares 
df Mean 
Square 
F Sig Partial 
Eta
2
 
Observed 
Power 
 
Corrected Model 29542.614
a
 4 7385.654 9.478 .000 .205 1.000 
 
 
Intercept 10327.887 1 10327.887 13.254 .000 .083 .951 
 
 
MAPScaled0506 24448.210 1 24448.210 31.376 .000 .176 1.000 
 
 
Math Recovery 859.405 
 
1 859.405 1.103 .295 .007 .181 
 
 
 Gender 
 
Math Recovery  
*Gender 
 
Error 
 
11.444 
 
81.705 
 
 
114543.590 
 
1 
 
1 
 
 
147 
11.444 
 
81.705 
 
 
779.208 
.015 
 
.105 
.904 
 
.747 
.000 
 
.001 
.052 
 
.162 
 
Total 
 
77377677.000 152       
Corrected Total 144086.204 151       
a. R
2
 = .221 (Adjusted R
2
 = .190) 
 
There was not a significant difference in achievement as measured by tenth-grade MAP 
scores between Math Recovery and Non-Math Recovery students with respect to gender, 
F(1, 147) = .105, p = .75, p > .05.   
When comparing the results from table 44 (ANOVA) and table 45 (ANCOVA), 
the results showed the amount of variation that had been accounted for had increased 
from 5094.40 units to 29,542.61 units when the covariate was used with gender.  The 
significance increased from .666 to .747.   
The Effects of Math Recovery on Tenth-grade MAP scores by Race 
 
 The sixth and last hypothesis tested was:  ―there is a difference in achievement (as 
measured by tenth-grade MAP scores) between the two groups with respect to race.‖  The 
following table depicts tenth-grade MAP scores by the students’ race and their status in 
Math Recovery. 
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Table 46 Distribution of 07-08 MAP scores by Math Recovery Enrollment and Race 
 Math Recovery  Non-Math Recovery  
 Minority White  Minority White  
Mean 707 700  706 721  
       
Standard 
Deviation 
26 33  28 31  
       
N 11 21  42 78  
 
 
The first ANCOVA assumption tested was the normality of tenth-grade MAP 
scores with respect to race using the Kolmogrov-Smirnov test. 
 
Table 47 Normality of the 07-08 MAP scores by Math Recovery Enrollment and Race. 
 
Minority Status 
 
Statistic 
 
df 
 
Sig 
 
Minority  
 
White 
 
.064 
 
.069 
 
53 
 
99 
 
.200 
 
.200 
 
 
From the SPSS output, the researcher found the distribution of tenth –grade MAP scores 
for minority and white students were normal D(53) = .064, p = .20 p > .05, and D(99) = 
.069, p = .200, p > .05, respectively.   
Next the researcher tested the homogeneity of population variances between 
eighth- and tenth-grade MAP scores by race.  Using Levene’s test in SPSS, the researcher 
found the following. 
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Table 48 Levene's Test of Equality of Variances with Independent Variable, 05-06 MAP 
Scores, and Dependent Variable, 07-08 MAP scores, by Race 
F df1 df2 Sig 
.857 3 148 .465 
 
 
From the SPSS output, the researcher found there was homogeneity of population 
variances (F(3, 148) = .857, p = .465, p > .05). 
The last of three assumptions tested was the homogeneity of the regression slopes.   
 
 
Table 49 Tests of Between-Subjects Effects with 05-06 MAP Scores, Independent 
Variable, and 07-08 MAP Scores, Dependent Variable, by Math Recovery Enrollment 
and Race 
Source Type III 
Sum  
of Squares 
df Mean 
Square 
F Sig 
Corrected Model 
 
Math Recovery 
 
Race 
 
05-06 MAP 
Scores 
 
Math 
Recovery*05-06 
MAP 
 
Race*05-06 
MAP 
 
Math 
Recovery*Race 
 
Math Recovery* 
Race*05-06 
MAP 
35230.791
a 
 
175.306 
 
58.948 
 
9169.025 
 
 
168.449 
 
 
 
51.466 
 
 
1922.420 
 
 
1973.120 
7 
 
1 
 
1 
 
1 
 
 
1 
 
 
 
1 
 
 
1 
 
 
1 
5032.970 
 
175.306 
 
58.948 
 
9169.025 
 
 
168.449 
 
 
 
51.466 
 
 
1922.420 
 
 
1973.120 
60658 
 
.232 
 
.078 
 
12.129 
 
 
.223 
 
 
 
.068 
 
 
2.543 
 
 
2.610 
.000 
 
.631 
 
.780 
 
.001 
 
 
.638 
 
 
 
.795 
 
 
.113 
 
 
.108 
a. R
2
 = .245 (Adjusted R
2
 = .208) 
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From the SPSS output, the researcher found there was homogeneity of the regression 
slopes (p = .174, p > .05.  
Prior to the ANCOVA procedure, the researcher used an ANOVA procedure 
(without the covariate) in order to understand the effect of the covariate used in the 
ANCOVA procedure.  The results follow in table 50.   
 
Table 50 ANOVA with Math Recovery and Race, Fixed Variable, and 07-08 MAP Scores, 
Dependent  
Source Type III 
Sum  
of Squares 
df F Sig Observed 
Power 
Corrected Model 
 
Math Recovery 
 
Race 
 
Math Recovery* 
Race 
 
Error 
 
Total 
 
Corrected Error  
10994.379
a 
 
2390.110 
 
313.753 
 
2785.512 
 
 
133091.825 
 
7737767.000 
 
144086.204 
3 
 
1 
 
1 
 
1 
 
 
148 
 
152 
 
151 
4.075 
 
2.658 
 
.349 
 
3.098 
 
 
.008 
 
.105 
 
.556 
 
.080 
.837 
 
.367 
 
.090 
 
.416 
 
 
a. R
2
 = .076 (Adjusted R
2
 = .058) 
 
 
 Once the assumptions were met, an ANCOVA procedure was performed to 
determine if minority and non-minority students enrolled in Math Recovery perform the 
differently from (as measured by tenth-grade MAP scores) students not enrolled in Math 
Recovery.  The procedure yielded the following information. 
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Table 51 ANCOVA Test with Math Recovery Enrollment and Race, Fixed, 05-06 MAP Scores, Covariate, and 06-07 
MAP Scores, Dependent 
Source Type III Sum of 
Squares 
df Mean 
Square 
F Sig Partial 
Eta2 
Observed 
Power 
 
Corrected Model 30420.018a 4 7605.004 9.835 .000 .211 1.000 
 
 
Intercept 11807.900 1 11807.900 15.271 .000 .094 .973 
 
 
MAPScaled0506 19425.639 1 19425.639 25.122 .000 .146 .999 
 
 
MATHRECOVERY 433.780 1 433.780 .561 .455 .004 .115 
 
 
Race 
 
Math Recovery * 
Race 
 
Error 
66.365 
 
964.095 
 
 
113666.186 
 
1 
 
1 
 
 
147 
 
66.365 
 
964.095 
 
 
773.239 
.086 
 
1.247 
 
.770 
 
.266 
 
.001 
 
.008 
 
.060 
 
.199 
 
 
Total 
 
77377677.000 152       
Corrected Total 144086.204 151       
a. R2= .221 (Adjusted R2 = .190) 
 
There was not a significant difference in achievement as measured by tenth-grade MAP 
scores grades between Math Recovery and Non-Math Recovery students with respect to 
race, F(1, 147) = 1.247, p = .266, p > .05. 
When comparing the results from table 50 (ANOVA) and table 51 (ANCOVA), 
the results showed the amount of variation that had been accounted for had increased 
from 10,994.38 units to 30,420.02 units when the covariate was used with race.  The 
significance increased from .080 to .266.   
Next, a hierarchical linear regression table shows the five blocks with the 
independent variables added to the model progressively in order of importance to the 
study.  The percent of variability in the dependent variable, 07-08 MAP scores, that can 
be accounted for by the independent variables is shown in the change of R
2
 from block to 
block.  
  
 
9
2
 
Table 52 Hierarchical Linear Regression of 07-08 MAP Scores (N = 152) 
 Block 1 
B(SE) 
β 
 
Block 2 
B(SE) 
β 
 
Block 3 
B(SE) 
β Block 4 
B(SE) 
β Block 5 
B(SE) 
β 
 
(Constant) 705.88(4.75)  708.54(4.83)  295.20(79.15)  462.94(147.84)  544.29(167.46)  
Gender .89(5.04) .014 1.30(4.97) .021 -1.87(4.62) -.030 147.55(170.17) 2.393 -109.34(292.20) -1.773 
Race 9.94(5.28) .154 9.95(5.20) .154 2.00(5.03) .031 -377.33(175.83) -5.840 -564.33(248.84) -8.735 
Math Recovery   -13.71 (6.03) -.182 -6.08(5.75) -.080 8.13(217.93) .108 90.95(402.34) 1.204 
05-06 MAP     .61(.12) .421 .36 (.22) .250 .24(.25) .167 
Gender*Race       8.22(10.69) .129 409.90(361.72) 6.445 
Gender*MR       3.50 (12.00) .037 -97.73(485.43) -1.026 
Gender*MAP       -.23(.25) -2.573 .15(.43) 1.720 
Race*MR       -12.76(12.77) -.143 -22.45(21.63 -.252 
MR*MAP       -.01(.32) -.077 -.12(.60 -1.069 
Race*MAP       .55 (.26) 5.952 .83(.36) 8.909 
Gender*Race*MR         17.27(27.20) .139 
Gender*Race*MAP         -.59(.53) -6.505 
Gender*MR*MAP         .13(.72) .917 
 
R2 
 
F(df1, df2) 
.024 
 
1.87(2, 149) 
 .057 
 
3.01(3, 148) 
 .205 
 
9.50(4, 147) 
 .242 
 
4.50(10, 141) 
 .253 
 
3.59(13, 138) 
 
Note:  Block 1:  R2  =  .024.  Block 2:  ∆R2  (change from Block 1) =  .033.  Block 3:  ∆R2  (change from Block 2) =  .148.  Block 4:  ∆R2  (change from Block 3) =  .037.   
Block 5:  ∆R2  (change from Block 4) =  .011.  
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 From the hierarchical regression chart shown in table 52, the largest change in R
2
 
happened when the covariate, 05-06 MAP scores, was added to the model.  The value of 
R
2 
changed in block 3 from block 2 of .148 and from block 1 of .181.  Math Recovery 
added 3.3 percent of predictive power while the 05-06 MAP scores added 18.1 percent of 
predictive power.  
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CHAPTER 5 
 
DISCUSSION AND IMPLICATIONS 
 
Summary of the Study 
 
 The Math Recovery course in this study has been elsewhere titled ―Math 
Lab,‖―Double Dipped Course,‖ etc.  However, the purpose of these courses was the 
same:  to enhance the mathematical skills of low-performing students in order for these 
students to perform on grade level in Algebra.  The purpose of this study was to 
determine the effectiveness of a particular model, Math Recovery, a course offered in 
three large high schools located in the same suburban school district.  The MAP scores 
for eighth- and tenth-grade students along with their corresponding ninth-grade 
Algebra/Geometry I grades were analyzed using the ANCOVA procedure to determine 
the effectiveness of Math Recovery.  These scores and grades represented 152 students, 
with 32 students receiving the treatment of Math Recovery and 120 students not enrolled 
in Math Recovery.  Six research hypotheses were tested: 
1. Students enrolled in Math Recovery will perform differently from (as 
measured by ninth-grade Algebra/Geometry grades) students not enrolled in 
Math Recovery. 
2. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to gender.   
3. There is a difference in achievement (as measured by ninth-grade 
Algebra/Geometry grades) between the two groups with respect to race.    
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4. Students enrolled in Math Recovery will perform differently from (as 
measured by tenth-grade MAP scores) students not enrolled in Math 
Recovery. 
5. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to gender.   
6. There is a difference in achievement (as measured by tenth-grade MAP 
scores) between the two groups with respect to race.   
With the ANCOVA procedure, the 05-06 (eighth-grade) MAP scores were 
utilized as the covariate (independent) variable and the 06-07 (ninth-grade) 
Algebra/Geometry I grades and 07-08 (tenth-grade)  MAP scores were used as the 
response (dependent) variables.  The students’ gender and race were used as the 
moderating variables.   
Results of the Study 
 
 The first three hypotheses used the students’ 06-07 (ninth-grade) 
Algebra/Geometry I grades as the dependent variable in order to determine the 
effectiveness of the course Math Recovery.  The results from the ANCOVA procedure 
are as follows: 
 Hypothesis 1:  The ANCOVA procedure showed the grades of students enrolled 
in Math Recovery were not significantly different from the grades of students who were 
not enrolled in Math Recovery.   
 Hypothesis 2:  The ANCOVA procedure showed the grades of students enrolled 
in Math Recovery were not significantly different from the grades of students who were 
not enrolled in Math Recovery with respect to gender. 
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 Hypothesis 3:  The ANCOVA procedure showed the grades of students enrolled 
in Math Recovery were not significantly different from the grades of students who were 
not enrolled in Math Recovery with respect to race.   
 The last three hypotheses used the students’ 07-08 (tenth-grade) MAP scores as 
the dependent variable in order to determine the effectiveness of the Math Recovery 
program.  The results are as follows: 
 Hypothesis 4:  The ANCOVA procedure showed MAP scores of students enrolled 
in Math Recovery were not significantly different from MAP scores of students who 
were not enrolled in Math Recovery. 
 Hypothesis 5:  The ANCOVA procedure showed MAP scores of students enrolled 
in Math Recovery were not significantly different from MAP scores of students who 
were not enrolled in Math Recovery with respect to gender. 
 Hypothesis 6:  The ANCOVA procedure showed MAP scores of students enrolled 
in Math Recovery were not significantly different from MAP scores of students who 
were not enrolled in Math Recovery with respect to race. 
Discussion 
 
 Mathematics teachers have struggled with failing algebra students for many years.  
In 1920, the goal of algebra for all students was disbanded because of the high failure rate 
of the students (Wood, 1920).  Since then, the failure rate has not appeared to have 
dissipated.  In 1997, the Chicago School District required all students to take algebra.  
District officials there, too, found a high number of failing students.  Instead of 
disbanding the idea of ―Algebra for All,‖ Chicago School District officials introduced a 
supportive course for the struggling students in addition to their algebra course (Vindero, 
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2009).  The school district in this study had courageously taken a similar path as the 
Chicago School District in offering a supportive course, Math Recovery.  Until the 
completion of this study, no data could be found to support the continuation of Math 
Recovery in the school district under study.  Likewise, little data existed on the benefit of 
these alternative courses on a broader scale on a national scale. 
 Since many students struggle with algebra, some in the education field might 
wonder why school districts would set the goal for all students to master algebra.  The 
reason is clear, successful mastery of algebra is important to the future success of 
students.  Since Algebra I is a building block for higher mathematics, a student without a 
solid foundation in Algebra I cannot successfully complete subsequent courses in 
mathematics.  For this reason, Algebra I is considered the gateway course for higher 
levels of mathematics (Walker & Senger, 2007).  Furthermore, not only is Algebra I 
necessary for the successful completion of higher level mathematics, but it is also a major 
stumbling block for many students in completing high school.  Neild writes that of the 
recent high school dropouts, one-third did not earn enough credits to be promoted from 
the ninth to tenth grade (Neild, 2009).  Further, research conducted demonstrated that 
eighth-grade students who do not receive credit for a math or English course or who miss 
five weeks of school have a 75 percent chance or greater of dropping out of high school 
(Neild & Balfanz, 2006).   
 While school districts are not obligated to provide support to those students 
struggling in algebra, the school district in this study as well as many districts across the 
state and nation understood the importance of allocating resources to provide such 
support.  Based upon this study, the researcher found that in this particular school 
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district;Math Recovery did indeed appear to support struggling students in their 
Algebra/Geometry I course.  The grades in the common course, Algebra/Geometry I, of 
Math Recovery students were not found to be significantly different from those students 
not enrolled in Math Recovery.    
These results might appear to be non-consequential as the grades of the students 
in Math Recovery, the treatment, were not significantly better than the grades of those 
students not enrolled in Math Recovery.  However, these results are important to the 
discussion.  The students enrolled in Math Recovery demonstrated an initial difference in 
academic achievement to those students not enrolled in Math Recovery.  In order to 
qualify for Math Recovery, students had to be mathematically academically deficient 
prior to their enrollment in the supportive course.  The Math Recovery students were able 
to bring their grades to a level at which their grades were not significantly different from 
those students’ grades who were not enrolled in the supportive Math Recovery.   
Even though the specific purpose of Math Recovery in the school district under 
study was to support and remediate the algebra skills of those students enrolled in ninth-
grade Algebra/Geometry I, the researcher was also interested in the academic 
achievement of the students in Math Recovery after the support of the program was no 
longer offered.  It is important to note that the data showed that the value of the 
treatment, Math Recovery, was not short-lived.  Not only did the Math Recovery students 
demonstrate that they were equivalent to the non-Math Recovery students in terms of 
grades, the Math Recovery students also appeared to fare evenly with non-Math 
Recovery students in terms of their tenth-grade MAP scores.  As with the grades, tenth-
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grade MAP scores of Math Recovery students, a year after treatment ended, were not 
found to be significantly different from those students not enrolled in Math Recovery.   
Having discussed the results regarding grades in the ninth-grade 
Algebra/Geometry course and scores on the tenth-grade MAP exam, the researcher 
continued the study by examining these grades and scores as they related to gender and 
race.  Like the previously stated results, the study showed the grades of females 
compared to males and minority students compared to non-minority students were also 
not significantly different as related to the students’ enrollment status in Math Recovery.  
In addition, the results of the study showed the tenth-grade MAP scores of females 
compared to males and minority students compared to non-minority students were also 
not significantly different.   
An additional result found in the data was the fact that the means of the 05-06 
MAP Scores for blacks and whites in the Math Recovery group differed by only 5.45 
points, with means of 674.22 and 679.67, respectively.  With much of the current 
research demonstrating an achievement gap between the races, these means appeared to 
be extremely close. However, the mean MAP scores for blacks and whites in the Non-
Math Recovery group differed by 18.12 points, with means of 679.17 and 697.29, 
respectively.  In comparing the means of black students between the Math Recovery and 
Non-Math Recovery groups, the means only differed by 4.95 points, with means of 
674.22 and 679.17, respectively.  Meanwhile, the 05-06 MAP test means of white 
students between the two groups differed by 17.62 points, with means of 679.67 and 
697.29, respectively.   
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Moving to the 07-08 MAP test, means of MAP scores between minority and 
white students in the Math Recovery group only differed by seven points with the 
minority group of a mean of 707 and the white group with a mean of 700.  However, in 
the Non-Math Recovery group, the means for white students were 15 points higher with a 
mean of 721 whereas the minority group had a mean of 706.  Interestingly, the mean 
differed only by one point for the minority students between the two groups.  However, 
the mean differed by 21 points for the white students between the two groups. 
Limitations of the Study 
 
The researcher identified five limitations prior to conducting the data analysis.  As 
a result of conducting the data analysis, the researcher identified one additional 
limitation, loss of subjects.  The first limitation affecting internal validity was the factor 
of testing.  According to Gall, this shortcoming occurs when a student becomes test-wise 
with a pre- and post-test (Gall, 2007).  By the time the students take the eighth-grade 
MAP test, it is reasonable to assume that students could have taken the MAP test a total 
of seven times if they attended a Missouri school during these seven years prior to taking 
the eighth-grade MAP test.  Therefore, one could assume these students would have 
become test-wise as they approached their eighth-grade year; thus, seriously restricting 
this limitation. 
Since the format of the MAP test was similar between the eighth and tenth grades, 
students could have conceivably learned ―how‖ to take the test rather than actually 
understanding the mathematics content.  However, this limitation has been diminished as 
there existed a two year time period between the eighth- and tenth-grade MAP exams.  
Confounding this limitation, the State Department of Education releases test questions 
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from prior exams for teachers and students to use in preparation for the next year’s MAP 
exam.  The researcher, employed by the district under study, has personal knowledge in 
which teachers were encouraged to use such questions located on the DESE website.  In 
addition, teachers in the ninth- and tenth-grade can confound the situation by offering 
test-taking strategies designed to artificially inflate the students’ standing on the tenth-
grade test.  It would be safe to assume that students in both groups were exposed to this 
practice.  This limitation could not be controlled as the data were archival.   
The second drawback to internal validity was differential selection.  Gall (2007) 
refers to differential selection as the process by which students are assigned to the two 
groups, Recovery and Non-Math Recovery.  The researcher lacked the ability to affect 
the composition of the groups studied since the study was ex post facto.  Students in this 
particular district enroll for Math Recovery in the spring of their eighth-grade year; 
therefore, the assignment of participants to the two groups was voluntary based on the 
students’ performance in their respective mathematics courses and teacher 
recommendations.  However, while each student enrolled in the Math Recovery program 
was asked to take the course based upon course grades and teacher recommendation, the 
choice was not mandatory; i.e., some students who were recommended for Math 
Recovery opted not to enroll in the course.   
Unfortunately, the researcher could not determine the number of students who fit 
this scenario. The researcher could make an educated conjecture as to why a student 
would opt not to take the course even though the student would have been recommended 
for the course:  he/she might perceive some stigma attached to students who enroll in 
Math Recovery or the student and/or parent may have a concern with only receiving an 
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elective credit for the course and not a math credit.  Self-selection confounds the study 
because the rationale for a student’s decision to take Math Recovery was not entirely 
clear.  The school district did not identify students who were recommended for Math 
Recovery but chose not to enroll in the course; school officials neither collected nor 
compiled a master list of these students.  A future qualitative study investigating this 
limitation could help the educational community understand reasons students might have. 
Another threat to the validity of the study was an implementation threat.  In this 
study, the individuals who teach the courses Math Recovery and Algebra/Geometry can 
pose a threat to the implementation of the study as each possesses varying degrees of 
ability in their teaching and grading styles.  Math Recovery was taught by six different 
teachers, two per building.  From past observations, these teachers tend to be the same 
teachers year after year.  However, these particular teachers also teach other courses such 
as Algebra I, Geometry, Algebra II, and Pre-Calculus.  Therefore, they have a variety of 
teaching experiences.  Algebra/Geometry I was taught by nine different teachers, three 
per building.  Unlike Math Recovery, the teachers of Algebra/Geometry I vary from year 
to year.  On the other side of the equation, the researcher could confirm that the students 
taking Math Recovery were randomly assigned to the Algebra/Geometry I course just as 
the other students are assigned to the course.  Therefore, there does not appear to be a 
cluster of Math Recovery students assigned to the same section of Algebra/Geometry I.     
Because the data collection was after the fact, the researcher did not have the 
ability to assign teachers to teach Math Recovery.  This information would have allowed 
the researcher to discern differences in school results.  For the reason, the researcher had 
asked the district for the data to be tagged by school and teacher. Unfortunately, the 
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district would not disaggregate the data by teacher, only by school.  Their position was 
that having the courses taught by a variety of teachers would diminish the 
implementation threat.  
 The fourth danger affecting this study was the maturation of the individual 
student.  The treatment, Math Recovery, was in place for one school year, the students’ 
freshmen year.  Vaus (2001) described maturation as ―change due to the passing of time 
rather than the experimental intervention‖ (p. 73).  Since the experimental intervention, 
Math Recovery, was in place during the students’ freshman year of high school, the 
student would definitely mature and the ability of the student to comprehend might have 
changed during this time period.  However, one would find it reasonable that students not 
enrolled in Math Recovery would also mature at the same rate. 
The next threat to internal validity was ―regression toward the mean.‖  In this 
study, a pretest, MAP at the eighth-grade, and posttest, MAP at the tenth-grade, were 
given.  Over time, high test scorers might become lower and low test-scorers might 
become higher.  This happens when the two tests do not have a perfect correlation.  
Because there was an imperfect linear relationship between these two tests, ―regression 
toward the mean always occurs‖ (Cohen, 2002, pg. 36).   
The additional threat to validity was the loss of subjects.  The researcher had 
initially received data on 214 students.  The data included the students’ 05-06 (eighth-
grade) MAP scores, 06-07 (ninth-grade) Algebra/Geometry I grades, and 07-08 (tenth-
grade) MAP scores.  Upon examination of the data, the researcher found a number of 
students who were missing one or more of the data points.  Eliminating them from the 
study reduced the number of students from 214 to 152.  The missing data points were 
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explained by corresponding enrollment data for these students; all had left the district 
after their ninth-grade year or entered after their eighth-grade year.  Unfortunately, the 
researcher was unable to obtain the reason(s) for these students leaving or entering the 
school district.   
Suggestions for Future Research 
 
 A topic of future research based upon the data received from the school district 
would be academic achievement of these students by school.  Each student was tagged by 
school, A, B, or C; however, none of the six hypotheses involved the home school of 
these students.  This information would probably be of interest only to the school district.  
If the students of one school had significantly higher grades or MAP scores than another 
school, school district officials might be interested in the teaching techniques or practices 
at that particular school in order to emulate those techniques or practices in the other two 
schools. 
 In retrospect, the researcher should have asked for the eighth-grade math grades 
of those students under study.  Because the grades of the ninth-grade students in 
Algebra/Geometry I were not significantly different by enrollment in Math Recovery, the 
researcher was interested in the differences, if any, in eight-grade math grades of these 
students.  If it could have been determined that the eighth-grade math grades were 
significantly different, the outcome of this research would have been enhanced.   
 In this school district, a course for academically deficient ninth-grade students is 
offered in reading.  The program used at all three schools is READ 180.  With a similar 
population in the READ 180 program as with Math Recovery, a similar study could be 
conducted to determine if the READ180 would yield comparable results with this study.  
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Having discussed future research opportunities available in the school district 
under study, the researcher believed additional prospects existed in comparable suburban 
schools with ongoing programs similar to the school district under study.  By doing so, 
the researcher would be able to determine if the results of this study were parallel to 
another school district’s results.  If the findings of the other school district were 
comparable, this result would bolster the current study which could infer further 
generalizations of these results. 
Conclusions 
 
 Based upon this study, students who were enrolled in Math Recovery achieved 
comparable grades in Algebra/Geometry I and tenth-grade MAP scores as those students 
not enrolled in the supportive course even though the students in Math Recovery were 
determined to be academically deficient prior to be being recommended for the course.  
Further, by using the eighth-grade MAP scores as the covariate, the researcher controlled 
for the variation in the ninth-grade grades and tenth-grade MAP scores caused by the 
variation in the eighth-grade MAP scores based upon the students’ achievement.  This 
allowed the researcher to compare the ninth-grade grades and MAP scores between the 
two groups of Math Recovery by enrollment status while taking into account the 
variability of the achievement in the students’ eighth-grade MAP scores.  In addition, 
based upon the findings in this study, the grades of students enrolled in Math Recovery 
achieved comparable grades and tenth-grade MAP scores were comparable to those 
students not enrolled in Math Recovery even when viewed by gender and minority status.   
 In this particular school district, these findings support the use of the supportive 
math course in order to keep struggling and deficient students on par academically with 
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their peers, who for the most part did not begin as academically wanting.  Not only did 
these students perform comparably to their peers while in the supportive course but also 
continued that parity in the subsequent year on tenth-year MAP test.  In the researcher’s 
opinion, the results support the school district’s effort in helping struggling mathematics 
students.  Hopefully even with limited school resources, a successful program such as 
Math Recovery could avoid being discarded. 
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